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PREFACE. 






The Author oSera tlie following book aa a con- 
tinaation, in a more generally accessible Toiin, of 
the Series of Memoirs of In Justria! Sleu introduced 
in his lAveg of the Engineeri. While preparing that 
work he frequently came across the tracljs of cele- 
brated inventors, meclianica, and iron-worlters, — 
the founders, in a great measure, of the modem 
industry of Britain, — whose labors seemed to him 
well worthy of being traced out and placed on rec- 
and the more so as their lives preaentod many 

ints of curious and original interest. Having 
mcouriiged to prosecute the subject by offers 
of assistance from some of the mogt p[uinent living 
mechanical enginctifSf he, is, hoyt enaljlcd to present 
tho following further ^eriijs , of, jjiemoirs to the 
public. .-;.>' .. - . 

Without exaggerating, the ..iraporUnco of this 
class of biography, it Jdjiy fli lea^ bti averred that 
it has not yet received its due share of attention. 
While commemorating the labors and honoring the 
Dames of those who have striven to elevate man 
dwvo the material and mechanical, the labors of 
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vi PREFACE. I 

o important industrial class to whom society owes 

7»,uch of its comfort and well-being are also en- 

;lto consideration. Without derogating from 

J biographic claims of those who minister to in- 
tellect and taste, those who minister to utility need 
not be overlooked. .When a Frenchman was prais- 
ing to Sir John Sinclair the artist who invented 
ruffles, the Baronet shrewdly remarked that some 
merit was also due to the man who added the shirt. | 

A distinguished living mechanic thus expresses » 
himself to the Author on this point : — " Kings, I 
warriors, afid statesmen have heretofore monopb- 1 
lized not only the pages of history, but almost those 
of biography. Surely some niche ought to be 
found for the Mechanic, without whose skill and 
labor society, as it is, could not exist. I do not be-^ i 
grudge destructive heroes their fame, but the con- ' 
structive ones ought not to be forgotten ; and there 
is a heroism of skill and toil belonging to the latter 1 
class, worthy of as gratefiil record, — less perilous ^ 
and romantic, it may be, than that of the other^ j 
but not. ]^^ f|;ill. of the resulted of human energy^ I 
bravery ,I*int£ ^harVcte^v^./Thf jlqt of labor is indeed^ 
often a dull one ; an^ jt ^ ftoing a public sen'ice tc^ 
endeavor to ligJiJenjiVtiJj byS'ecords of the struggled* 
and trium];jisr •^ (^F>*moia& illustrious workers, an^^ 
the results Df/t}xl^ /ihlQfsE M the cause of humar^^ 
advancement. 

As respects the preparation of the following me 
inoirs, the Author's principal task has consisted 
selecting and arranging the materials so liberaU' 





;ed at tis disposal by gentteraen far the most 
personally acquainted \VitIi the subje ts of 
them, and but for whose assistance the boon, could 
not have boon wntten. The materials for tho 
biography of Henry Miuidslay, for instance, have 
been partly supplied by the late Mr, Joshoa Field, 
F. R. S. (his partner), but principally by Mr. James 
Nasmyth, C. E., his distinguished pupil. In Hko 
manner Mr. John Penn, C. E., has supplied the 
chief materials for the memoir of Joseph Clement, 
assisted by Mr, Wilkinson, Clement's nephew. The 
Author has also had the valuable assistance of Mr, 
AVilliam Fairbaim, F. R, S., Mr. J. 0. March, tool 
mauutlicturer (Mayor of Leeds), Mr. Richard Rob- 
erts, C. E., Mr. Henry Maudslay, C. E., and Mr. J. 
Kitson, Jr., iron manufacturer, Leeds, in the prep- 
aration of the other memoirs of mechanical engi- 
neers included in this volume. 

The materials for the memoirs of the early iron- 
workers have in like manner been obtained for the 
most part from original sources ; those of the Dar- 
bys and Reynoldses from Mr. Dickinson of Coal- 
brookdaie, Mr. William Reynolds of Coed-du, and 
Mr. William G, Norris of the former place, as well 
as from Mr. Anstice of Madeley Wood, who baa 
kindly supplied the original records of the fimi. 
The substance of the biography of Benjamin Hunts- 
man, the inventor of cast-steel, has been ftimished 
by his lineal representatives ; and the facts embodied 
in tlie memoirs of Henry Cort and David Mnshet 
liavo been supplied by the sons of those inventors. 
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To Mr. AiidersoQ Kirkwood of Glasgow 
tbor is indebted for the memoir of Jame 
mont NeilsQix, inventor of the hot blast ; an< 
Ralph Moore, Inspector of Mines in ScotI 
various information relative to the progrea 
Scotch iron manufacture. 

The memoirs of Dud Dudley and Andr 
ranton are almost the only ones of the { 
preparing which material assistance has h 
rived from books; but thesQ have been 
illtistrated by facts contained in original do 
preserved in the State Paper Office, the 
examination of which has been conducted 
W, Walker Wilkins. 

It will thus be observed that most of tl 
mation embodied in this volume, more es 
that relating to the inventors of tools and m 
has heretofore existed only in the memorie 
eminent mechanical engineers from whon 
been collected* The estimable Joshua F 
died since the date at which he communic 
recollections ; and in a few more years mar 
facts which have been caught and are her 
on record would, probably, in the ordinar 
of things, have passed into oblivion. As i 
Author feels that there are many gaps y( 
filled up ; but the field of Industrial Biogrs 
wide one, and is open to all who will labor 

London, October, 1863. 
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CHAPTER I. 
IfiON AND Civilization. 

<*Iron fc« tiot only tta^ fovU of every other manufacture, but the malnsirioi 
perfaaiM of dvilhced society.*' — f KA<tcis Horxkr. 

** Were tfie oie of iran lost among us, ve should in a few ages be unavoidably 
reduced to the irants and ignorance of the ancient savage Americans; so that he 
who first made knoim the use of that contemptible mineral may be truly styled 
the tether ef Arts and the author of Plenty*" — John Lookb. 

T7hen Captain Cook and the earlj navigators first 
sailed into the South Seas on their voyages of discovery, 
one of the things that struck them with most surprise was 
the avidity which the natives displayed for iron, " Noth- 
ing would go down with our visitors," says Cook, " but 
metal ; and iron was their beloved article." A nail 
would buy a good-sized pig ; and on one occasion the nav- 
igator bought some four hundred pounds weight of fish 
for a few wretched knives imj)rovised out of an old hoop. 

" For iron tools," says Captain Carteret, " we might 
have purchased everything upon the Freewill Islands that 
we could have brought away. A few pieces of old iron 
hoop presented to one qf the natives threw him into an 
ecstasy little short of distraction." At Otaheite the 
people were foqnd generally well-behaved and honest; 
but they were not proof against the fascinations of iron. 
Captain Cook says that one of them, afler resisting all 
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Other temptations, ''was at length ensnared by the 
charms of a basket of nails." Another lurked about for 
several days, watching the opportunity to steal a coal* 
rak€v 

The navigators found they could pay their way from 
island to island merely with scraps of iron, which were as 
useful for tlie purpose as gold coins would have been in 
Europe. The drain, however, being continuous. Captain 
Cook became alarmed at finding his currency almost ex- 
hausted ; and he relates his joy on recovering an old 
anchor which the French Captain Bougainville had lost 
at Bolabola, on which he felt as an English banker would 
do after a severe run upon him for gold, when suddenly 
placed in possession of a fresh store of bullion. 

The avidity for iron displayed by these poor islanders 
will not be wondered at when we consider that whoever 
among them was so fortunate as to obtain possession of an 
old nail, immediately became a man of greater power than 
his fellows, and assumed the rank of a capitalist. " An 
Otaheitan chief," says Cook, " who had got two nails in 
his possession, received no small emolument by letting out 
the use of them to his neighbors, for the purpose of boring 
holes when their own methods failed, or were thought too 
tedious." 

The native methods referred to by Cook were of a very 
clumsy sort ; the principal tools of the Otaheitans being 
of wood, stone, and flint. Their adzes and axes were of 
stone. The gouge most commonly used by them was 
made out of the bone of the human forearm. Their sub- 
stitute for a knife was a shell, or a bit of flint or jasper. 
A shark's tooth, fixed to a piece of wood, ser\ ed for an 
auger ; a piece of coral for a file ; and the skin of a sting- 
ray for a polisher. Their saw was made of jagged fishes' 



1 fised on the conves edge nf a piece of hard troo&'il 
r wcapoiiB were ol' a similarly rude description; their 
luba and axes were tieaded witli atone, and their lances 
, arrows were tippi'd with tiinl. Fire was another 
' employed by lliem, usually in boiit-buililing. 
at, the New Zealanders, whose tools were also of 
;, wood, or bone, made their boats of the trunks of 
B hollowed out by fire. 
The stone implements were fiishioned, Captain Cook 
Bays, by rubbing one stone upon another, until brought to 
the required shape ; hut. alier all. they were found very 
inedicif nt for their purpose. They aoon became bluntcil 
and useless ; and the laljoi'ioui procuss of making new 
tools had to be begun again. The df light of the ielandcra 
at being put in possessioa of a material which was capalile 
of taking a comparatively sharp cd;[re and keeping it, may 
therefore readily be imagined ; and hence the remarkable 
incidents to whicli we have referred in the experienue 
of llio early voyagers. In the mimls of tiie natives, 
iron became ihe repr&catative of [lower, efficiency, and 
wealth ; and they were ready almost to faJI down and 
woiehip their new toob, eatecjning the axe 03 a deity, 
oirei'ing sacridcea to the saw, aud holding the knife in 



In the inlttiicy of all nations the same difficulties must 

have liecn experienced for want of tooU, before the nrta 

of fmelting and working in metiils hod become known ; 

luiil il,iB not improbable Hint the Phrenician navigators 

who first frequented our coasts foiiud the same avidity for 

bronze and iron oxistiiig among the poor woad-staiaed 

. !Uriton« who Hiicked down to the shore to see their ships 

f, )imd exchange food and akins with them, that Captain 

I Cnak discovei'cd more ilian two thousand years later 
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among the mdrefl of Otaheite and New Zeafamd. FiH^ 
the tools and weapons found in ancient buryin^-pLieea m 
all f Alts of Britain, clearlj show that these if^laiuLi also 
liave passed through the epoch of stone and tlinL 

There was recently exhiliited at the Crystal Pakice a 
CfillecCion of ancient Eui-oiK^an weapOiis and implements 
phu-ed alrHi<^ide a similar collection of artidea broogiit 
from the South Seas ; and they were in most respects so 
much alike tliat it was difficult to belieye that thej did not 
iK'long to tlie same race and i)eriod, instead of being the 
irnplemenU of races sundered bj lialf the globo, and 
living at periods more than two thousand jcars apart. 
Nearly cyery weapon in the one collection had its coun- 
terfmrt in the other, — the mauls or celts of stone, the 
siiearliends of flint or jasper, tlie arrowheads of flint or 
)x>ne, and tlie saws of jagged stone, showing how human 
ingenuity, under like circumstances, had resorted to like 
exfK^dients. It would also appear tiiut the ancient tribes 
in these inlands, like tlie New 21ealanders, used fire to 
liollow out their larger boats ; several specimens of this 
kind of vessel having recently been dug up in the valleys 
of the Witliam and the Clyde, some of the latter from 
rnder llie very streets of modem Glasgow.* Their 
hinaller boats, or coracles, were made of osiers intei*- 
woven, covered with hides, and rigged with leathern sails 
and thong tackle. 

• " Mr. John Buchanan, a zealous antiquary, writing in 1866, !n- 
forrn» u« that in the course of the eighty years preceding that date, no 
loHH tiian Heventeen canoes had been dug out of this estuarine silt [of 
the vatley of tlie Clyde], and that he had personally inspected a larga 
nuinhor of theui before they were exhumed. Five of them lay buried 
In Hilt under the streets of Glasgow, one in a vertical position with the 
prow uppermost, as if it had sunk in a storm . . . Almost every one 
of tUese ancient boats was fonned out of a single oak-etem, boUowed 
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liill readily be imagined [bal anytliing like civUiza- 
as ftt present UDclerstood, must have been next to 
under such drcumataiiccB. " Mieemble iiMfl 
Carljle, "'waa the condition of tlie abcri«indH 
a, glaring Aercely from under Lis Snetx of baoA 
I with tlie beard reached down to iib luiot, anil 
round them like a msittod cloak ; llie rest of his 
sheeted in its thick natural Ibll. lie loitered in the 
Vatiay glades of the forest, lining on wild fruiU ; or, aa 
this ancient Caledonians, squatted himself in morasses, 
lurking far bis bestial or human prey ; without imple- 
inCci, without arms, save the boll of heavy lliiit, to . 
lck| that lus sole gjossession and defence might not be-'J 
he had attaclied a long cord of |)laited thongs ffl 
lereby recovering ae well as hurfing it with deadlf^'fl 
unerring akilL" 

The iajunction given to man to " rejdenisL the e 
and subdue it" could not pos^bly be fulfilled with iinplo'^ 
of etou«. To fell a tree with a fiiut hiitebct would 
ipy the lau(»' of a month, aitd to elear a «Biall patch 
ground fw purposes of culture would require the com- 
incd efforts of a tribe. For the same reason, dwellings 
luld not be erected ; and without dweliitigii tlomestic 
iqnillity, secuiity, culture, and relinement, especially 
a rude climate, were all but impos^Ue. Mr. Emerniu 
obaexves, that " the effect of a. house is i 



ant by blunt tools, probably itona olB", aidtd by the Bclicm of flro 

!Ut bwintifQlly amoolb. evijenlly with inelallio tools. He 

n conU he traced IWim a pattBTn of ewrema lu'lonesi 

w ibowlug grcHt meohHilcal iDgemilCf . .... In one of Die dkiim 

MlSiUy polUbBd ccltsr luu o! ^oeiHtODD khs fuund^ in tlis I 

a plug of cork, wbich, as Mr. Geikle remarks, ' co 

J Xmtt coma from tha lalimdot of Spain, fiootlieni Fmaoe, 

— Sm C. LvEU., AiUiqvilg of Ma*, M, U. 
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human tranquillitv, |io\ver. and refinement. A man in a 
rave or a camp — a n^mad — dies with no more estate 
than tl:e wolt* or the horse leaves. But so simple a labor 
as a house being achieved, his chief enemies are kept at 
bay. He is sate from tiie teeth of wild animidd, from 
fnl^t, sunstroke, and weather; and fine faculties begin to 
vie id their fine harvesL Inventions and arts are boiii, 
manners, and social beauty and delight." But to build a 
house which should serve for shelter, for safety, and for 
comfort — in a wonl, as a home for the family, which is 
the nucleus of society — better tools than those of stone 
were absolutely indispensable. 

Ilence most of the early Euro^^ean tribes were no- 
madic : first hunters, wandering about from place to place 
like the American Indians, af\er the game ; then shep- 
herds, following the herds of animals, wliich they had 
learnt to tame, from one grazing-ground to another, living 
upon their milk and fiesh, and clothing themselves in their 
skins, held together by leathern thongs. It was only 
when implements of metal had been invented that it was 
]>ossible to practise the art of agricultui-e with any con- 
siderable success. Then tribes would cease from their 
wanderings, and begin to form settlements, homesteads, 
villages, and towns. An old Scandinavian legend thus 
curiously illustrates this last period : — There was a 
giantess whose daughter one day saw a husbandman 
ploughing in the field. She ran and picked him up w^ith 
her finger and thumb, put him and his plough and oxen 
into her apron, and carried them to her mother, saying, 
^ Mother, what sort of beetle is this that I have found 
wrii^jrlinsr in the sand ?** But the mother said, ** Pat it 
away, my child ; we must begone out of this land, for 
these people will dwell in it." 
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IllOS ASU CIVILIZATION. 

Wbrsnae of Copenhagen, who haa been fbtloived bj 
an(iq|uan«8, haa even gone so far as to divide the 
tuBtory of ctviJizatioQ lata three epochs, accoi'ding 
. character of the tools need lu e&di. Tke (inU was 
, Stone period, in which the inipleraenia cliiefly 
Hicks, bones, itones, and ^nts. The next was the 
i period, distinguished by the >^troductioa and gen- 
we of a melal composed of copjict luid tin, requiring 
ipartttively low degree of Iem|>erature t<i smelt it, 
render it capable of being fashiootd ir iq weapons, 
ad implements ; to make which, hoi* ever, indicated 
advance in experience, eagacity, and skiU in ihe 
aipulaiioa of metals. With tools of bronze, to which 
BideraUle liardaesa could be gi'ven, trees were felled, 
hewn, houses and Biiips built, and agriculture prac- 
with comparuttve fauiHly. liost of all 
period, when the art of smelting and working tl^at 
, difficult but widely diffused of thu minerals was dis- 
ered ; from which point tKe progress made in alt the 
arts of life has been of the most remai'kable charauter. 

Although Mr. Wright rejects this clasBtficalion aa 
omiiirical, hewiuae the periods are not capable of being 
tUeurly detined, and all the three kinds of implements are 
found to bare lieen in use at or about tlie same time,* 
Ibore is, nevertheless, reason to believe tliat it b, on tlie 
whole, well Ibunded. It is doubtless true that imple- 
ments of Elone continued in use long Bflcr tliose of bronze 
uid iron had becu invented, arising roost pi'obably from 
tbu dtumuss and scarcity of articles of metal ; liut when 
the art of smelting aad working in iron and steel hml 
MiiSciuilly advanced, the use of stone, and al'ternards of 
brooze tools and weapons, altogether ceased. 
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The views of M. "Worsaae, and the other Continental 
antiquarians who follow his classifidatiort, have ind^d re- 
ceived remarkable confirmation of late years, by the di* 
coveries which have been made In the beds of most of the 
Swiss lakes.* It appears that a subsidence took place in 
the waters of the I^ake of Zurich in tlie year 1854, lay- 
ing bare considerable portions of its bed. The adjoining 
proprietors proceeded to enclose tl>e new land, aitd began 
by erecting permanent dikes to prevent Ihfe tetum of the 
waters. While carrying on the works, several rows of 
stakes wei^ exposed ; and on digging dowtt, the laborers 
turned up a number of pieces of diart^ed wood, stones 
blackened by fire, utensib, bones, and tAlier articles, show- 
ing that at some rerfote period, a ntrirtber of tniman be- 
ings had lived over the sipqt, in dwellings supported by 
stakes driven into the bed of the lake. 

The discovery haviiig attracted attention, e^lorations 
were made at otJier places, and it was slitMtly found that 
there was scarcely a lake in Swit^erfand which did not 
yield similar evidence of the existence of an ancient La- 
custrine or Lake-dwelling population. Numbers of their 
tools and implements were brought to light, — stone axes 
and saws, flint arrowheads, bone needles, and such like, — 
mixed with the bones of wild animals slain in Utie chase ; 
pieces of old boats, portions of twisted branches, barit, 
and rough planking, of wliich their dwellings had been 
formed, the latter still bearing the tnarks of the rude tools 
by which they had been laboriously cut. In the most 
ancient, or lowest series of deposits, no traces of metal, 
either of bronze or iron, were discovered ; and it is most 
probable that these lake-dwellers lived in as primitive a 

* Referred to at length in the AnHqmijf of Jtfan, by Sir C. Lyell, 
»ho adopts M. WoinKte'^ 'chnsifitetion. 
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d rescmUed those found in Pn] 
the ifliuidd of the Salomoa group, to thla clay. 

Tliese aboriguial Swiss lake-dwcUcra seem to liavo 
been eiicceeilc^d hy a race of men using tools, implemenla, 
auO ornAmenta of brou;:e. In Bome places the remiuna 
of lliii> hronKCperiod directly overlay those of the atone 
pcrioj, nhowing the ktl«r to have been the most ancient ; 
Uit in others, tlic village sites are altogether distincL 
TIk: articles with which the metal im(>leiiienta are inler- 
miseil, sliow that consitlemble progress had been made in 
ttic iiwful aria. The pottm-B whetl had been introduced. 
AgriiHiltiire Imil begun, mid wild unimals had given place 
to tame ones. Tlie abundance of bronze abo sltows that 
commence must have esistcil to a cei'tain extent ; for tint 
irUich enters into its composition, is a comparatively rare 
metal, and must necessarily have been importod from 
oll)«r European counti'ies. 

Tlic Swiss antiquarians are of opinion tliat the men of 
brouxe suddenly invaded and extirpated the men of flint; 
Kud that at some still later iwrin.!, another stronger and 
more attilful rKee, supposed to have been Celts from Gaul, 
CAmc armed ivllh iron weapons, to whon) the men of 
bnmKfi succumbed, or with whom, more pi'obahly, they 
^radnally intermingled. When iron, or rather afeel, cnme 
Inlo u»Q. its superiority in affording a cutting edge was bo 
decisive that it seems to have supplanted bronze almost 
at ooM;* the liitter metal continuing to be empli^ed 



• Mr. Mii«tiel. hmrever, ebwppes ifmt " the pi 
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only for the purpose of making scabbards or sword- han- 
dles. Shortly after the commencement of the iron age, 
the lake habitations were abandoned, the only settlement 
of this later epoch yet discovered being that at Tene, on 
Lake Neufchatel : and it is a remarkable circumstance, 
showing the great antiquity of the lake-dwellings, that 
they are not mentioned by any of the Roman histonans. 

That iron should have been one of the last of the metals 
Id come into general use, is partly accounted for by the 
circumstance that iron, though one of the most generally 
diffused of minerals, never presents itself in a natural 
state, except in meteorites ; and that to recognize its ores, 
and then to separate the metal from its matrix, demands 
the exercise of no small amount of observation and inven- 
tion. Persoas unacquainted with minerals would be un- 
able to discover the slightest affinity between the rough 
iron-stone as brought up from the mine, and the iron or 
steel of commerce. To unpractised eyes they would 
seem to possess no properties in common, and it is only 
after subjecting the stone to severe processes of manufac- 
ture that usable metal can be obtained from it The 

knowledge of the mixture of copper, tin, and zinc seems to hnve been 
among the first discoveries of the metallurgist. Instruments fabricated 
from these alloys, recommended by the use of ages, the perfection of 
the art, the splendor and polish of their surfaces, not easily injured by 
time and weather, would not soon be superseded by the invention of 
simple iron, inferior in edge and polish, at all times easily injured by 
rust, and in the early stages of its manufacture converted with diffi- 
culty into forms that required proportion or elegjince." — (Papers on 
Iron and Steel, 365, 866.) By some secret method that has been lost, 
porbaps because no longer needed since the invention of steel, the an- 
cients manufactured bronze tools capable of taking a fine edge. In 
our own time, Chantrey the sculptor, in his reverence for classic me- 
tallurgy, had a bronze razor made, with which he martyred himself la 
shaving; but none were found so hardy and devoted as to follow hie 
example. 



IRON AND CIVILIZATION. 

cS^chtal reduction of the ore reijuirea an iatense heat, 
maintiuned by nriificial mi-iKmis, pucli aa furnaces and 
bl»w!ng apparatus.* But it is pnneipallj m corabinatlon 
tridi titlier clcraenls tlint iron is so Taliiablc n'lien coro- 
|>3ii«d with otiici' mctiib. Thus, wlien combined with 
carhrm, in varying proportigna, sulwtancea are produeed, 
so iGfTerent, but each ao valuable, that they might aliuwt 
be regarded in the liglit of distinct metals, — such, for 
example, as cast-iron, Hud cast and Itar steel ; the TariciuB 
igtiolities of iron enabling it to he used for purposes iO 
ojiposite na a steel pen and a railroad, the needle of a. 
tmirincr'a compass and an Armstrong gun, a surgeon's 
lancet and a steam-engine, the mainspring of a wntcli and 
an iron sliip, a pair of Hcisaoi-s and a Nasmyih lianimer, a 
Indy's earrings and a tubular bridge. 

The ninety of purposes to which iron is thus capable 
of being applied i-endei'S it of more use to mankind than 
nil the other metals combined. Unlike iron, gold is 
found pure, and in an almost workable state; and at an 
early period in liistory, it seems to have been mucii more 
pleniliful than iron or steel. But gold wns unsuitcd for 
ihe purposes of tools, and would serve for neither a saw, ft J 
cUiecl, no axe, nor a sword ; whilst tempered steel could fl 
answer all these purposes. Ilenco we Gad the early war- 1 
like nations making the backs of their sivords of gold or 
cop[icr, and economl/ing llicir steel to furm the cutting 
edge. This is illustrated by many anrient Scandinavian 
ncajions in the museum at Copenhugcn, whieli indiL-ate 
thn gi-entcEt parsimony in the use of steel at a period 

• [| nuif ba mcntinned, In pn^'in^, that while Zino Is ruslbln at So 
of WcilgwooJ's pjTomeler, Silver lit 22", Copper at 27', mid Guld nt 
KT, Cait Iroa [■ only totib\e nC ISDi. Tin (one of the coDitituenu 
of tlie mieleut breoia) mid Lend rtb fusible at niDcb Ia«»C degrmi 
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when both gold and copper appear to have been compara** 
tivelj abundant 

The knowled<re of smelting and working in iron, like 
in»)8t other arts, came from the East. Iron was especiallj 
Tttlued for purposes of war, of which indeed it was itj- 
garded as the symbol, being called ^ Mars " by tiie Ro- 
mans.* We find frequent mention of it in the Bible. 
One of the earliest notices of the metal is in connection 
with the conquest of Judsea by the Philistines. To com- 
plete the subjection of the Israelites, their ccmquerors 
made captive all the smiths of the land, and carried them 
away. The Philistines felt that their hold of the cotmtvy 
was insecure so long as the inhabitants possessed the 
means of for^ng weapons. Hence ^ there was no smith 
found throughout all the land of Israel ; for the Philis- 
tines said, Lest the Hebrews make them swords or 
spears. Birt the Israelites went down to the Philistines, 
to sharpen every man his share, and his coulter, and his 
axe, and his mattock.^ f At a later period, when Jeru« 
salem was taken by the Babylonians, one of their first 
acts was to carry the smiths and other craftsmen captives 
to Babylon.J Deprived of their armorers, the Jews were 
rendered comparatively powerless. 

It was the knowledge of the art of iron-foi^ng which 
laid the foundation of the once great empire of the Turks. 
Gibbon relates that these people were originally the de- 
spised shives of the powerful Khan of the Geougen. 
They occupied certain districts of the mountain-ridge in 

* The Bomans named the other metals after the gods. Thns Quick* 
silver was called Mercury^ Lead Saturn^ Tin Jupiter^ Copper Tentit, 
Silver Luna^ and so on; and onr own language has received a coloring 
from the Koman nomenclature, which it continues to retsin. 

t 1 Samuel xtTt. 19, 20. 

t 2 Kings xxiv. 16. 
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IM rantru of Asia, called Imaus, Cof. and Altai, n'liich 
pcldi^d iron in large i^uantitics. Tliia metal ilie Turka 
were employed by the Klinti to forgo for his use in wur. 
A brfJ leader aroee among tliem, who perauudcd the iron- 
Wiirkere that the arma which they forged for tlieir maaten 
might ID their own Lands Lct^ome the instruments of J 
frvedom. StiilyiDg forth from tlieir mounliunB, th^y set up J 
tlieir standard, and their weapons soon frcvd tliem. Fot ^ 
i-enlimca aiter, the Turkish tiatian uoniinued to culehrule 
lite erent of their liberation by an onuuol ceremony, ia 
wliich a piece of iron was heated in the fire, and a smith's 
hMmmer wm successively handled by the prince and his 

We can only conjecture how the art of smelting iron 
was disoo\-ered. "Who first apiilied fire to the ore, and 
made it jilaBtic ; who discovered fire itself, and its uses in 
metnllut^y? No one can telL Tradition says that the 
melal waa dJacotered Ihraugli the accidental burning of a , 
wood in Greece. Mr. IMushet thinks it mor« prohabla ■ 
ttiat llio discovery was made on the conversion of w 
into charcoal for culinary or chamber puqwses. " If a 1 
mass of OTO," he says, " accidentally dropped into iha 
middle of the burning pile during a period of neglect, a 
ifuriiigtlieexisteneeof a thorough draught, a mixed niasa 
partly earthy and partly metallic, would be obtained, pos* 
MSaing ductility and extenmon under pressure. But if 
tlie conjecture ia pushed still furtlier, and we suppose that 
tlic oi-o was not an oxide, but rich in iron, magnetic 
tpi^'ulor. the result would in all probability be a mass 
pM^eclly ma]leal)le iron. I Imve seen this fact illustrated ' 
in tliB rousting of a sikjcics of iron-stone, which « 
«d with a considerable mass of bituminous matter. AAer 
ft iiigb li'mpemture had beca excited in the interior of the 



«0 INDUSTRIAL BIOGRAPHY. 

pile, plates of malleable iron of a tough and flexible na- 
ture were formed, and under circumstances where there 
was no fuel but that furnished by the ore itself." ♦ 

The metal once discovered, manj attempts would be 
irado to give to that which had been the effect of accident 
a more unerring result. The smelting of ore in an open 
heap of wood or charcoal being found tedious and waste- 
ful, as well as uncertaui, would naturally lead to the in- 
vention of a furnace, with the object of keeping the ore 
surrounded as much as possible with fuel while the pro- 
cess of conversion into iron was going forward. The low 
conical furnaces employed at this day by some of the 
tribes of Central and Southern Africa are perhaps very 
much the same in character as those adopted by the early 
tribes of all countries where iron was first made. Small 
openings at the lower end of the cone to admit the air, 
and a larger orifice at the top, would, with charcoal, be 
sufficient to produce the requisite degree of heat for the 
reduction of the ore. To tliis the foot-blast was added, 
as still used in Ceylon and in India ; and afterwards the 
water-blast, as employed in Spain (where it is known as 
the Catalan forge), along the coasts of the Mediterranesin, 
and in some parts of America. 

It is worthy of remark, tliat the ruder the method era- 
ployed for the reduction of the ore, the better the quality 
of the iron usually is. Where the art is little advanced, 
only the most tractable ores are selected ; and as char- 
coal is the only fuel used, the quality of the metal is al- 
most invariably excellent The ore being long exposed 
to the charcoal fire, and the quantity made small, the 
reRiilt is a metal having many of the qualities of steel, 
capable of being used for weapons or tools afler a com- 

* Papen en Iran and Stu^ 868, 864. 
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lively email amount of forging. Dr. Livingstonvl 
) of the excellent (]ua1ilj of Ilie Iran miule by tlis'T 
les on the Zituibcsi, who refuse to use on. 
Cfiglisli iron, wliitli they consider " rotten." • Du Clinillu 
also £aya of the FasB, that, in miilihig their bt'St knives 
kdJ arrowbciids, ihcy will not use Kuropcin or Amcrlc 
iron, greatly prtfurrlng their own. Tiie celebrated moots j 
or steel of India, made in little cakes of only about twq.J 
[loucids vrcight, [lossesses quiUiiies which no Kui-oj^aiifl 
eWel van surpass. Out of this material ttie famous Do- I 
tuascus SH'Onl-hlndes were mude; and iis use for so long I 
M period ia perhaps one of the most stiiking proofs of tho 1 
aodent civilizitLion of India. 

The early history of iron in Britain ia neceasnrily very I 
obsourc. AVhen tho liomans invaded the country, Urn. I 
(nt;tal secnis to liave been already known to the 
along (he coast. The natives had prohtibly smelted it I 
ihumeelrea in their rude bloomeries, or obtained it from, I 
Uiu Phwiiidana in amnll quantities in exchange for skins j 
and food, or tin. We must, however, regard the stories I 
told of the ancient Bntish chariots armed with swords o. 
Bcythca na altogether apocryphal. Tlie cxbtenco of iron 
in Builicient quantity to be used for such a purpose is 
inctim[iatiblo with contemporary facta, and unsupported 
by n single vestige remaining to oui* time. The country I 
was then mostly Ibrust, and the ro.ids did not as yet exist J 
upon tvliich chariots could be used ; whilst iron wt 
•carco lo be mounted aa scythes upon chariota, when the J 

• Dr. tiriiJpslonB brougbl with liJm to EiiglnnJ n piece of the Znm* | 

Tlie iT'ull vat. Iliiit lit pronoiinceJ Iho molal ai strongly rascniblliig 
(iwallxli or IliiBalniii both at wliicli kinds are eiuelted wltli cliurcnal. 
Tb« AlVicnn iniD wiu fuund " liigliij carbouized," uitl " whea cliUlad 
It [Hiueuait tbe proportlea or steeL" 
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warriors tliemselves wanted it fbr swOrds. The orator 
Cicero, in a letter to Trebatius, then serving with the 
army in Britain, sarcasticSilly advised him to capture and 
convey one of these vehicles to Italy for exhibition ; but 
we do not hear that any specimen of the British war- 
chariot was ever seen in Rome. 

It is only in the tumuli along the coast, or in those df 
the Romano-British period, that Iron implements are ever 
found ; whilst in the ancient burying-places of the interior 
of the country they are altogether wanting. Hcrodian 
says of the British pursued by Severus through the fens 
and marshes of the east coast, that they wore iron hoops 
round their middles and their necks, esteeming them as 
ornaments and tokens of riches, in like manner as other 
barbarous people then esteemed ornaments of silver and 
gold. Tlieir only money, according to Cftesar, consisted 
of pieces of brass or iron, reduced to a certain standard 
weight.* It is particularly important to observe, says 
M, Worsaae, that all the antiquities which have hitherto 
been found in the large burying-places of the Iron period, 
in Switzerland, Bavaria, Baden, France, England, and the 
North, exhibit traces moro or less of Roman influence.t 

The Romans themselves used weapons of bronze when 
they could not obtain iron in sufficient quantity, and many 
of the Roman weapons dug out of the ancient tumuli are 
of that metal. They possessed the art of tempering and 
hardening bronze to such a degree as to enable them to 

• HoLiNSTiED, I. 517. Iron was also the currency of the Spartans, 
but It has been used as such in much more recent times. Adam 
Smith, in his Wenlih of Nations (Book I. ch. 4, published In 1778), 
says: ** There is at this day a village in Scotland where it is not un- 
common, I am told, fbr a wotkman to carry nails, instead of monvy, te 
the baker^s shop or the alehonsd.** 

t Primeval AtUiquitiet of Denmark. London, 1840, p. 140. 




mOS ASD cniLIZATlOS, 

lOBTiuftKtatti Kworda with it ofa pretty good edg«; and in 
Ihoee countrius wliich they penetniteil, tUtir bronze im- 
»nt8 grwJunlly supiJanleJ those wiiicli had been pre- 
aaly l^hioni'd of sione. Great ([uantitieB of bronza 
t bave been found in different p&rts of England, — 
iBCtlmea is hcap^, as if they had been thrown A\ray in 
lehMfuls » things of little Talne. It lias been conjeo 
d that whm (he Uomans came into Britain they found 
• inhabitants, espedally those to the northwani, in very 
fkAy the same state as Captain Corft and other Toyngera 
md tlie inhfthitants of the South Sea leltinds; thut the 
btUnu parted with their food and valuables for toola of 
ir metal ronde in imitation of tbeir stone ones ; hut 
king themaetvcs cheated by the Romnnsi, as the niitivca 
tftheite have been cheated by Europeans, the Briiona 
Hinisheil the bad tools when they became acquainted 
h artielM maiie of better metal.* 

a Bonian colonists were the first makers of iron ta 
Britain on any large scale. They a\'ailed themselves of 
the mineral riches of the conntry wherever they went 
B very year brings their exlraoi-dinary industrial activity 
B dearly to ligtit. They not only occupied the best 
I Ibrtmdc, intersected the land >vith a complete Jiys- 
|) of well-cotistructed roada, studded our hills and \ al- 
ls witlt towns, villages, and pleasure-houses, and iivallcd 
f onr mediciual springs for purjiOBes of baths 
tan extent not even exceeded al this dny, but llicy ex- 
reil our mines and qnarries, and carried on the siadt- 
I; anil inanu!aciur« of mutAla in neiirly all parts of tliu 
The heaps of mining refuse left by them in the 

fi Dr. Penreoii's pBper [n the PMIovphlexi Trnni'-a 
■Mrs M ovrtiin itnci»nt arm; and utemlle fooud iDtbarln 
D Kbiitwirl md Liucolii. 



34 INDUSTBUL BIOGRAPHY. 

valleys and along the hillsides of North Derb3rshire are 
still spoken of by the country people as ^ old man/' or the 
*• old man*s work." Year by year, from Dartmoor to the 
Moray Firth, the plough turns up fresh traces of their 
indefatigable industry and enterprise, in pigs of lead, im- 
plements of iron and bronze, vessels of pottery, coins, and 
sculpture; and it is a remarkable circunaistance that in 
several districts where the existence of extensive iron 
beds had not been dreamt of until within the last twenty 
years, as in Northamptonshire and North Yorkshire, the 
remains of ancient workings recently discovered show that 
the Roman colonists were fully acquainted with them. 

But the principal iron mines worked by that people 
were those which were most conveniently situated for 
purposes of exportation, more especially in the southern 
counties and on the borders of Wales. The extensive cin- 
der-heaps found in the Forest of Dean, — which formed 
the readiest resource of the modem iron-smelter when 
improved processes enabled him to reduce them, — show 
that their principal iron manufactures were carried on in 
that quarter.* It is indeed matter of history, that about 
seventeen hundred years since (A. D. 120) the Romans 
had forges in the West of England, both in the Forest of 

• " In the Forest of Dean and thereabouts the iron is made at this 
day of cinders, being the rough and offal thrown by in the Roman 
time; they then having only foot-blasts to melt the iron-stone; but 
now, by the force of a great wheel that drives a pair of bellows twenty 
feet long, all that iron is extracted out of the cinders which could not 
be forced from it by the Roman foot-blast. And in the Forest of Dean 
and thereabouts, and as high Ids Worcester, there are great and infinite 
quantities of these cinders; some in vast mounts above ground, some 
under ground, which will supply the iron-works some hundreds of 
years; and these cinders are they which make the prime and b^'st 
iron, and with much less charcoal than doth tb« iron-etone." — A. 
YARBAinx>N, Englatutt Improvement by Sea and Lama, London, 1077 



n tini] in Snutli Wales ; nnd that tliey sent the motal 

I ilieikcfl to Ui-istol, wliuru it was Ibrged and m:ide 

a weaiponB for tliu use of the Irooj>s. Along the baiika 

I the Wve, the ground is in many pLtuea a continuous 

il of iron dndci-s, in wliich numerous reinuina Lave beea 

\, fiimishing unmistakable proofs of tlie Koman fur- 

Al the same lime, tlie iron ores of Sussex were 

nuvcly worked, as appears Irom the cindcr-lieapa 

mid at Slareslield and several places in that counly, iu- 

mixed with Roman pottery, coins, nnd other remains. 

■ a bed of scoria; several ai:rcs in extent, at Old Land 

1 Alarcsricld, the Rev, Mr. Turner found llic re- 

I of Boman pottery so numerous that scarcely a 

w-load of cinders was removed (hat did not contain 

ml fragments, logctlicr with coins of the reigna of 

I, Vesjiasian, and Dioidcsian.* 

■^ the turbulent infancy of naUons it is to be expected 

i yn ehould hear more of the smith, or ivorker iii iron, 

pMnnection with war, than with more peaceful pursuits. 

High he was a nail-maker and a horse-shoer, — made 

sela, saws, and hammers for the artifieer, — epades 

i for the liirnier, — bolts and fastenings for the 

(stle-gates, and chains for his draw-bridge, — it 

I prineipnlly because of liis skill in ai'mor-work that 

i esteemed. He madB and mended the weapons 

1 In tlio chase and in war, — the gnvelocks, bills, and 

Ute-oxes i he lipped the bowmen's ai-rows, and fur- 

1 apearheads for the men-at-arms ; but, above all, 

B fbtge«l the mail-coats and cuirasses of the chiefs, and 

Und their swords, on the temper and quality of which. 

; bonor, snd victory in battle depended. Hence the 
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great estimAtion in which the smith was held in the 
Anglo-Saxon times. His person was protected by a 
double penalty. He was treated as an officer of th|- 
highest rank, and a\\'arded the first place in precedency 
After him ranked the maker of mead, and then the phy- 
sician. In the royal conrt of Wales he sat in the great 
hall with the king and queen, next to the domestic chn.p' 
lain; and even at that early day there seems to havo 
been a hot spark in the smith's throat whidi needed much 
quenching, for he was •* entitled to a draught of every 
kind of liquor that was brought into the hall." 

The smith was thus a miglity man. The Saxon Chroni- 
cle descnbes the valiant knight himself as a "miglity waiv 
smith." But the smith was greatest of all in his forging 
of swords ; and the bards were wont to sing the praises 
of the knight's " good sword " and of the smith who made 
it, as well as of the knight himself who wielded it in 
battle. The most extraoixlinary powers were attributed 
to the weapon of steel when first invented. Its sharpness 
seemed so marvellous when compared with one of bronze, 
that with the vulgar nothing but magic cOuld account for 
it. Traditions, enshrined in fairy tales, still survive in 
most countries, illustrative of its magical properties. The 
weapon of bronze was dull, but that of steel was bright, 
— the " white sword of light," one touch o^ which broke 
spells, liberated enchanted ptince^ses, and fVoze giants' 
marrow. King Arthur's magic sword " Excalibur ** was 
regarded as almost heroic in the romance of chivalry.* 
So were the swords ^ Galatin ** of Sir Gawaln, and 

• This famous swwd was afterwards swrt by Richord I. ns a present 
to Tancred ; and the value attached to the weapon may be estimated 
by the fhot that the Crusader sent the English monareb, 4n return for 
it, '* four great ships and fifteen gftUejn.'* 



foyenfA " of CharlemaQ:no, both of which mra re- 1 
1 to be the w-ork of Wtland the smith, tibout ^vliose [ 
I cluBtera so much tmditional glory as an nncicnt | 
wori^er in mi^tiils.* Tlie heroes of tlie ^'ortlimen in like ' 
imutnar nictdnl magic swonls. Olave the Norwegiim 
iwesewed thu sword " Macabuin," foi^d by l)ie Jai-k 
Bmilh of DroDthoim, whoso feats arc recorded in the 
bUee of tlie Scalds. And so, in like manner, tmdiiions 
r the supentatural jwwer of tfie Macksiiiith are found 
kisting to this day all over the Scottish lligblaDds.f 

I ■ Wriand was tha Snxon Vnlcnn. The imme of Welniid'n or Wny- 
'■ Sntthy h Btill giTCn lo ■ monaineiit on Lnmboiim llowni In 
Th* piKoa h sleo knowu aa WayUuia BmUb'i Csve. U 
jUtoUaraTDtlegiilleiyorBCaiiee. 
'^i Amongthe ScythlHns the Iron avrorawna agocl. Hwb? Ihe iiungB 
" s, *ni1 lacfincea were mnile lo il. " An iron ««nrd." inj-s Mr. 
itpMt, "ntllj nui onct woriUippsd by % peopla witb nliom Ircn 
!»[■»■ Iran is raro, wliila Btoiie and bniuzH weapous gra comnion. 
Il lonibs, nud lliB Bivord of thote siuriea la n jiernouBBB. it 
it ertM out, — Hie live; of men are bnoiiii up iti It. And fo 
ata mystie awerd iiin;, parTiips, bHve been h god iimoni^ Hie Ceiti, 
vt ih* god cf tbe peopls with whuro tlie Celn conli>nded ininewiiera 
ou their long jouniey Id the wex. It is n ficlinn itnw, but it may ba 
fiiiiiileJ on fiict, and llint fnct probably was llie first uhb of iron." To 
llilt ilRy nn old hors&slioe is coneidered a pfrtent spell in tcnne dlab-lcti 
•gitluit tha powara of evil; and lor want eC n boraemboe a bit of » 
nuty reaplne-hook 1b supposed to have equiJ power. " Who wore 
lliMa powen of evil who could not reai^t iron, — these fairies who 
aliootVoiKorrowi, HndnraorthBfoestotho Imman race? la all lh!» 
but H dim, li»y recollection of war between a pai^la who had Imn 

all r"irr liurope? If iIisbb were wandariug tribes, tliay liwl iBudeni; 
If tbftf were warlike, they bad wevpoua. There la a «m1rh In the 
I'milheoii of many ualloua. Vulcan was a amith! Thor wieblod B 
liaiaaisri «ve4 Fiona hud a hammer, which was lieard In l.oolilniin 
trliau tlruck Id Kiriiin. Fiuon may have borrowed hia bnnnier fiMm 
Thnr Ion); ago, or both mny have got theirs fram Vtilcan, or all Ilirea 
■m)' have tWDBlbt bammen wiih them from the land where soma 
tirinoval smitli wielded tbe litet eleilge-hatnmat; bill way not all 
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When William the Norman invaded Britain, he was 
well supplied with smiths. His followei*s were clad in 
armor of steel, and furnished with the best weapons of 
the time. Indeed, their superiority in tliis respect is 
supposed to have been the principal cause of William's 
victory over Harold ; for the men of both armies were 
equal in point of bravery. The Normans had not only 
smiths to attend to the arms of the knights, but farriers 
to shoe their horses. Henry de Ferrariis, or Ferrers, 
"prefectus fabrorum," was one of the principal officers 
intrusted with the supervision of the Conqueror's ferriery 
department, and long after the earldom was founded his 
descendants continued to bear on their coat of arms the 
six horse-shoes indicative of their origin.* William also 
gave the town of Northampton, with the hundred of Fack- 
ley, as a fief to Simon St. Liz, in consideration of his pro- 
viding shoes for his hoi-ses.! But though the practice 
of horse-shoeing is said to have been introduced to this 
countiy at the time of the Conquest, it is probably of an 
earlier date; as, according to Dugdale, an old Saxon 
tenant in capite of Welbeck in Nottinghamshire, named 
Gamelbere, held two carucates of land by the service of 
shoeing the king's palfrey on all four feet with the king's 
nails, as oft as the king should lie at the neighboring 
manor of JMansfield. 

Although we hear of the smith mostly in connection 
with the fabrication of instruments of war in the Middle 

these Binith-gods be the smiths who made iron weapons for those who 
fought with the skin-claJ warriors who shot flint-arrow!», and who are 
now bogles, fairies, and demons ? In any case, tales about smitlis seem 
to belong to mythology, and to be common property." — Campbkll, 
PojmUir Tales of the IVesi Uiyhlandt, Preface, 74-76. 

* Brook, Discovery of Errors in ikt CaUUugue of the NobUUy, 198. 

t Metkick, L 11. 
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}, liU importance ivaa no less recognized in tlic oiili- 

f affairB of rural and industi-hil lilc. lie was, as it 

i, tlie rivet that lield society to^tlier. Kottiing could 

lidoae without him. AVherever toob or implements 

eWMtcd for building, for trade, or for husbandry, his 

I was called into requidtion. In remote places he 

a oilea the sole mechanic of his district; and, besides 

mg a tool-maker, a farrier, and agricultural implement 

r, he doctored cattlu, drew teeth, practised plileboto- 

m, snd sometimes officiated bb jiarish clerk and general 

r ; for the smithy was the very eye and tongue 

b Tillage. Hence Shakespeare's picture of the Bmitb 

ing John : — 

- 1 Miw B tmHh stnnd wllh bis hnmmBT, thns, 
TliB whilsl his iron lii.l iin the Bnyil cool, 



3 smith's touls were of many sorts ; hnt the chief 
B Ilia hammer, pincers, chisel, tongs, and anvil. It is 
ttisbing what a Tariety of articles ho turned out of 
Bsmitby t>y the help of these rude implements. In the 
Ingt chasing, and consummate knowledge of the capa- 
m, he greatly suipnssed tlie modem work- 
B i for the meiliieval blacksmith was an artist as well 
k workmiin. The numerous exquisite specimens of his 
I which exist in our old gateways, church doors, 
irnilingB, and ornamented dogs and andirons, still serve 
IS for continual reproduction. He was, indeed, the 
"cunninge workman" of his time. Cut besides all 
I, ha was an engineer. If a road had to be made, or 
1 embanked, or a trench dug, he was invariably 
uled upon lo provide the tools, and o(\en lo direct the 
work. He was also the military engineer of his day, 
uul a» Lite as the reign of Edward III. we find the king 
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repeatedly sending for nniths fVam the Forest of Dean 
to act as engineers for the rojal armj at the siege cf 
Berwick. 

The smith being thns the earliest and most important 
of mechanics, it will readilj be understood how, at the 
time when surnames were adopted, his name should have 
been so common in all European countries. 

** From whence came Smith, all be he knight or squire, 
But fh>m the smith that foiigeth in the fire? ** • 

Hence the multitudinous family of Smiths in England, in 
some cases vainly disguised under the " Smythe ** or ** De 
Smijthe " ; in Grormany, the Schmidts ; in Italy, the Fabri, 
Fabricii, or Fabbroni ; in France, the Le Febres or Le- 
fevres ; in Scotland, the Grows, Gowans, or Cowans. Wo 
have also among us the Brownsmiths, or makers of brown 
bills ; the Nasmyths, or nailsmiths ; the Arrowsmiths, or 
makers of arrowheads ; the Spearsmiths, or spear-makers ; 
the Shoosmiths, or horse-shoers ; the Goldsmiths, or work- 
ers in gold; and many more. The Smith proper was, 
however, the worker in iron, — the maker of iron tools, 
implements, and arms, — and hence this name exceeds in 
number that of all the others combined. 

In course of time the smiths of particular districts be- 
gan to distinguish themselves for their excellence in j>ar- 
ticular brafiches of iron work. From being merely the 
retainer of some lordly or religious establishment, the 
smith worked to supply the general demand, and gradu- 
ally became a manufacturer. Thus the makers of swords, 
tools, bits, and nails, congregated at Birmingham ; and 
the makers of knives and arrowheads at Sheffield. Chau- 
cer speaks of the Miller of Trompington as provided with 
a Sheflfteld whittle : — 

* Gilbert, Chmwatt. 
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" A ShnftW Uiwj-lPl ImM bo Tn hii hoeo." 

Tia common English nnriwheaJs maniifodnrwl at 

ieRfltl wens long celtlmited for tlicir exc'tktit tem- 

nr. M SliL'tIi*;!(i iron and slccl [iliiics are now. Tlie bai- 

1 of llnmiiaon, foiiglil in Suollanil in 1402, 

tnly through their exeellunce. The historian rworUa 

)M tliey penetrated tho armor of liie Eail of Douglas, 

1 had \Ken ihrec years in making ; and tliey were 

sharp and strong tiint no armor could repel 

n." The siime arrowheads were found eqiinlly effi- 

mt a^iDst French aj 

I Ahfaough Scotland is 
1 which otir 9U])plif 
mt limes greaily iliatressed for wnnt of llie melaL 
i people were as yet too lilllu skilled lo be able to 
n tlicir great mineral weiildi to acconnL Even in tha 
I of "Wallace, tliey Lad scarcely emerged fi'om the 
B period, and were under the necuBnilj of resisting 
Idr Iron-armed English adversaries by means of rudo 
i of that material. To eupply IhemselveB with 
t and BpeaHiends, they impoiled sleel from Flan- 
i, and the re^t Ihey obtainud hy inaranding incnrsions 
) Soglnnd. 1'he diati'ict of Fui-neaa in Laneasliire — 
i BOW nn iron-producing disliiet — ivns fi*ci[uen(ly 
I with tliul d^ucti and on such oecasiona the 
nd earned nff all the nninnfacturcd iron 
J" could find, prefiirring il, lliough bo henty, lo every 
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other kind of plunder.* About the same period, however, 
iron must have been regarded as almost a precious ractal 
even in England itself; for we find that in Edward the 
Third s reign, the pots, spits, and frjing-pans of the royal 
kitchen were classed among his Majesty's jewels-f 

The same famine of iron prevailed to a still greater 
extent in the Highlands, where it was even more valued, 
as the clans lived chiefly by hunting, and were in an 
almost constant state of feud. Hence the smith was a 
man of indispensable importance among the Highlanders, 
and the possession of a skilful armorer was greatly valued 
by the chiefs. The story is told of some delinquency 
having been committed by a Highland smith, on whom 
justice must be done ; but as the chief could not dispense 
witl) the smith, he generously offered to hang two weavers 
in his stead ! 

At length a great armorer arose in the Highlands, who 
was able to forge armor that would resist the best Shef- 
field arrowheads, and to make swords that would vie 
with the best weapons of Toledo and Milan. Tliis was 
the famous Andrea de Ferrara, whose swords still main- 
tain their ancient reputation. This workman is supposed 
to have learnt his art in the Italian city after which he was 

« 

• The early scarcity of iron in Scotland is confirmed by Froissart, 
who says: '^In Scotland you will never find a man of worth; they are 
like savages, who wish not to be acquainted with any one, are eDvions 
of the good fortune of others, and suspicious of losing anything them- 
selves; for their country is very poor. When the English make in- 
roads thither, as they have very frequently done, they order their 
provisions, if they wish to live, to follow close at their backs; for 
nothing is to be had in that country without great difficulty. There 
is neither iron to shoe horses, nor leather to make harness, saddles, or 
bridles; all these things come ready made from Flanders by sea; and 
should these fail, there is none to be had in the country.'* 

t Parkeii's Englisk Hotne^ 77. 



[, mA returned to practise it in secrecy nmoni; the 
^hland hiUa. Kcforo him, no man in Gi-eat IJrilaii 
a have known how to temper a 3worJ in Buch u way 
H to bend so tliat Hie point ahoulil touch the hill and apring 
t uninjured. The Bwords oC Audi'ca de Fen-ara did 
I, nod were accordingly in great request; for it waa of 
mportanee to the warrioi- that hia weapon should 
i strong and sharp wiUiout being unwieldy, and that it 
oiU not he liable to enap in the act of combaL Thia 
lebmted smith, whose personal identity* has become 
gud in the Andrea de Ferrara swords of his manufao- 
Ffam, puiBued Ids craft in the Iligldaiida, wlicru he em- 
ployed a number of skilled workmen in forging weapons, 
devoting bis own time prineipully to giving them their 
icquii'ed t«Ri]ier. He is said to Lave worked in a dark 
cdlur, the better to enable him to perceive tlje effect of 
tho beat upon the metal, and to wateh the nicety of the 
oporatinn of tempering, as well as possibly to sen-e as a 
Bcreen to Lis secret method of working-t 

I^iig after Andrea do Ferrara'a time, llio Scotch 
Bwonls were (kmous for their temper; Jud^ Jlarshal 

* TbO prrcitB time at which Andrsa do Ferrara flonnshed cnnnnt 
14 fixcil with MCurnc;; but Sir Walter Scott, ia ona of tlie noten to 
WaittUy. *ajt he U lielieTod to Imve been n Torelgti urtUt braug]jt 
over by -limiai IV. or V. of Scotland lo hmtruct llie Scots in tlie uiniiu- 
helifro 111 aword-bLidea. The genuine weapons tiavo m crovrn marked 
oa th> blidu, 

t Mf. I'arke, in his Eaasoathe Mim«fiiclim of EdfffTooli, mjtt 
*■ Hmi Iliin Ingenious urtlat llinuglit of a barli o( all, ho niif;ht bars 

1 1 [li(>' by means of a furnnce underneaiti il, mid by tbe use of a 

rN<r, to the exact point wbicb he found uecestary: tiiongb it 
I 'I ' .':.M;iilu>it to liavB lo emptny i tliemiouieter for eveiy distinct | 
e pnsussion of t proper bath of 
ed Ibe necBssary certuint)- in lili 
i himseif in s subterroueaa apart- 
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Patten, who accompanied the Protector^e expedition into 
Scotland in 1547, observing that *^ the Scots came with 
swords all broad and tliin, of exceeding good temper, and 
universally bo made to slice that I never saw none bo 
good, so I think it hard to devise a better." Tlie quality 
of the steel used for weapons of war was indeed of no leSB 
importance for the effectual defence of a country then 
than it is now. The courage of the attacking and de- 
fending forces being equal, the victory would necessarily 
rest with the party in possession of the best weapons. 

England herself has on more than one occasion been 
supposed to be in serious peril because of the decay of 
her iron manufactures. Before the Spanish Armada, the 
production of iron had been greatly discouraged because 
of the destruction of timber in the smelting of the ore, — 
tlie art of reducing it with pit coal not having yet been 
invented ; and we were consequently mainly dependent 
upon foreign countries for our supplies oi* the material out 
of which arms were made. The best iron came from 
Spain itself, then the most powerful nation in Europe, 
and as celebrated for the excellence of its weapons as fat 
tlie discipline and valor of its troops. The Spaniards 
prided themselves upon the superiority of their iron, and 
regarded its scarcity in England as an important element 
in their calculations of the conquest of the country by 
their famous Armada. " I have heard," says Harrison, 
" that when one of the greatest peers of Spain espied our 
nakedness in tliis behalf, and did solemnly utter in no ob- 
scure i)lace, that it would be an easy matter in short time' 
to conquer England because it wanted armor, his words 
were not so rashly uttered as politely noted." The vigor 
of Queen Elizabeth promptly supplied a remedy by the 
large importations of iron which she caused to be madey 



) cniLIZATlOS. 

i\j (Vom Svredon. as well ns by the incivnced ao- 

f the forges in Sussex and the Forest of Denn 

i" ttiis HairiHm, " England obtained rest, that 

•wke might hiiTO been sure of shaip and cruel 

t a Rpnnisli word iiiU;red by one man at one 

!W, or at the leaetniso hindered Bunilry prirj 

■ of Buny at another." • 

r baa the subject which occupied the earnest atteo 

f politicians in Queen Elizabttb's titne ceased to 

if interest ; for, after the la(ise of nearly three hundred 

I, v6 find the smith and the iron manufacturer still 

permost in public discussions. It has of lale years 

a felt that our much-prized "hearts of oak" are no 

S able to Bland against ll\e prows of mail which were 

)pofied to threaten them, tlian tlie sticks and stones of 

t tribes were able to resist the men armed 

I weapons nf bronze or steel. "Wlmt Solon said to 
i, when the lutlcr was displaying his gi-eat Ireas- 

t of gold, still holds true ; " If another comes that 

II better iroa than you, he will be master of all lliut 
So, when an alchemist waited upon the Duke of 

BSwick during the Seven Yeai-s' War, and offered 
|! eommiinicate the secret of converting iron into gold, 
3 Duke i-eplied: " By no moans : I want all the iron 
i>] can llnd to resist my enemies ; aa for gold, I get it from 
England," Thus the strength and wealth of nations de- 
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• HoLissiiKP, /ZiiMttj nfF-«sh"<il. It wne even enict to Imvc 1: 

||pf Ibo objects of tha Spnnlsli Armniifi to get the oaks of tlie Fo 

a dettroyii'I, in order to jireTSit further smelling of liie i 

ilyn, in liis Sjlno, wys; " i have heunl Hint in the grenl 

M of ItSB It vriB ex[>rusly enjoineil the Spanisb Armnd]! 

cd. IliEf BlioulJ not be uble tn subdua our nntinn 

ts {ood Iheif conque<l. Ihay slioulil yet ba sure not to leave a 

~ it of Dean." — Nichols, Bittory nj the Forat 

IS p. sa- 



nd ^^ 

1 



46 INDUSffBUL BIOGRAPHT. 

pend upon coal and iron, not forgetting Men, far more 
than u[)on gold. 

Tlianks to our Armstrongs and Whitwortbs, our 
Drowns and our Smiths, the iron defences of England, 
miinned by our soldiers and our sailors, furnish the assur- 
ance of continued security for our gold and our wealth, 
and, what is infinitely more precious, for our iDduetij and 
our liberty. 



CHAPTEK II 



a.1 English Inos MANOi'ACTtiRB. 



iBDC!i, Surucysri' Dlalogut (1607). 

fKW records exist of tho manufacture of iron in Eng- 
1 in early times. After the Romiina left tlie blimd, 
iBrillsh. or more probably tlie Teutonic H-il>ea seltled 
; Uio Eoutli coixst, continued tbo smelting uiid mniiu- 
X of tbc metal after the methods tnuglit thvm bj the 
In tlie midst of the insecurity, however, eii- 
tond by civil war and social changt-a, the pursuits of 
Btfry must necessarily bnvo been considerably inter- 
red with, and the art of iron-forging becume neglcfled. 
Koiiotit-o of ii-on Iwing made in Sussex occurs in Domes- 
^y Boot, from whieh it would appear that the manufac- 
tum liail in a great measure ceased in that county at the 
lime uf iho Conquest, though it waa continued in the 
iron-iirodudng districts bordering on Wales. In many 
"f the Anglo-Saxon graves ivbich have been opened long 
"w Buords liave lieun found, showing that weapons of 
, >I>at ractjd were in common use. But it is probable that 
1 Bcai-ce, as ploughs and other agricultural 
Haunts continued to be made of wood, — one of the 
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Anglo-Saxon laws enacting that no man should undertake 
to guide a plough who could not make one ; and that the 
cords with which it was bound should be of twisted wil- 
lows. The metal was held in esteem principally as the 
material of war. ■ All male adults were required to be 
provided with weapons, and honor was awarded to sucl 
artificers as e^ccelled in the fabrteatiou of Bwoeds, arms 
and defensive armor.* 

Camden incidentally states that the maoufiMtoro of iroi 
was continued in the western counties during the Saxon 
cra^ more particularly in the Forest of Dean, and thai u 
the time of Edward the Conf^sor the tribute paid by the 
city of Gloucester consisted almost entirely of iron roda 
wi'ought to a size fit for making nails for the king*s ships 
An old religious writer speaks of the iron-woikers of tha 
day as heathenish in their manners, pufied up with pride 
and inflated with worUlly prosperity. On the occaMOQ ef 
St. Egwin*s visit to the smiths of Alcester, as we are fol< 
in the legend, he found them given up to every kind oi 
luxury ; and when be proceeded to preach unto them 
they beat upon their anvils in contempt of his doctrine sc 
as completely to deafen him ; upon which he addressee 
his prayers to heaven, and the town was immediately de 
stroyed-t But the first reception given to John Weslc] 
by the miners of the Forest of Dean, more than a thou 
sand years later^ was perha^is scarcely more gratifyin< 
tlian that given to St. Egwin. 

• WiLKixs, Leges Sax. 25. 

f Life of St. Kj;wln, In Capgravc's A^orn Lerftruin AngtuB. A1c0»te 
WAB, fts its nnme indicnteA, an old Roman gettlenient (situated on th 
Icknild Street), wliere the art of working in iron was prackiiied froi 
an early period. It was originally called Aiuuna, being sitnated o 
the river Aine in Warwickshire. It is still a seat of the needle manv 
iJMSttiri. 
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ttLISH lEOS MANUFACTUEK. 

That working in iron was regarded as an honorable 

md useful calling in the IifidUle Ages is apparent from 
extent to which it was followed by the raonlis, some of 
ere excellent craftsmen. Tliua St. Dunslan, who 
d England i(i tlie time of Edwy tlie Fair, was a 
skilled lilacksmith and metallurgist. He is said to have 
had a forge even in bis liedroom, ood it was there thai bis 
reputed encounter with Satan occurred, in which of course 
the saint came off tlie victor. 

There was another monk of SL Albaii's, called Anketil, 

who tlciurished in tlie tweiitli century, bo famous for his 

Bkill as a worker in iron, silver, gold, jewelry, and gilding, 

tliat he was invited by the king of Denmark to be hia 

goldsmith and banker. A pair of gold and silver candle- 

eiicka of his manufacture, presented by the abbot of St. 

Alban's to Pope Adrian IV.. were bo much esteemed for 

their exquisite workmanship tliat they were consecrated 

St. Peter, and were the means of obtaining high ecole- 

il distinction for the abbey. 

'e also find that the abbots of monn^terics situated in 

districts, among their other iahiii-s, devoted ihem- 

to the manufacture of iron from the ore. The 

inelve beds of cinders still found in the immediate 

iborbood of Rieraulx and Hackness, in Yorkshire, 

tliat the monks were well acqnainU'd with the art 

Torging, and early turned to account ilie riches of the 

iveloiiil iron-stone. In the Forest of Dean also the 

It of Fliutlcy was possessed of one stalionary and one 

forge, by grant from Henry II,, and he wna ol- 

o ooka weekly for fnid, — a privilege afterwarda 

imidcH, in 1238. for Abbot's Wood of eight liundred 

BfVmiy-lwo acres, wliicli was held by the ablwy iinlil 

Usolution in the reign of Henry VIII. Al tlic saniu 
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timo tbo Karl of Warwick had forges at work in bis wooda 
nt Lytlnoy ; niul in 1282, as manj as seventy-two forges 
won' loaKod fix>m tlio Crown by various iron-smelters in 
Iho s4iino lMiiiy»t of Dean. 

TluMV niv numerous indicntions of iron-smelting having 
Ikhmi txHuhu'tiHl on a considerable scale at some remote 
])rruHl in the neighborhood of Leeds, in Yorksliire. In 
di<;gin<r iHit the tbumUitions of houses in Briggate, the 
principal street of that town, many ^'beU pits" have been 
lin)iip:la to light, from which iron-stone has been removed. 
The new cemetery at Durmnndtofls, in the same town, 
wa.** in like manner found pitted over with these ancient 
hoK'H. Tlio miner seems to have dug a well about six 
teet in diameter, and so sixin ns he reached the mineral, 
he >Yin-keil it away all round, leaving the bell-shaped 
cavities in question. lie did not attempt any galleiy ex- 
cavations, hut when the pit was exhausted, a fresh one 
was sunk. Tlio ore, when dug, was transported, most 
prohahly on hoi*ses* hacks, to the adjacent districts tor the 
convenience of fuel. For it was easier to carry the min- 
end to the w«hhI — then exclusively used for smelting — 
than to hring the wixxl to the mincraL Hence the nur 
morons liiwyis of scoria} found in the neighborhood of 
Locils, — at ^liddloton, Whitkirk, and Horsforth, — all 
within the borough. At Horsforth, thej are fomid in 
conglomerated masses from thirty to forty yards lon^ and 
of considerable width and depth. The remains of thesb 
cinder-beds in various positions, some of them near the 
summit of tlie liill, tend to show, that as the trees were 
consumed, a ne\i' wind furnace was erected in another 
situation, in order to lessen the labor of carrying the faeL 
There are also deposits of a similar kind at Kirkby Over* 
blow, a village a few miles to the northeast of Leeds \ 



I 'rbortsby slateB that tlic place was so called bewiuse 

S iho village of the ''Ore blowers," — lienve tli 

ttion of " Overblow." A discovery has TCceiitly been 

)kde smong the papers of tlie Weotworth famUy, of a 

A for Bup|ilyitig wood and ore for irou " blomes " at 

r Oliey, in the iburtuentii century ; * though 

r that jilaee has long Biiice ceased. 

lAldiOUgb the makui}^ of iron was thus carried oq in 

K» parts of Englonil in the Middle Ages, the quan- 

Y produced was altogether iiiHutlicieiit lo meet the ordi- 

r demand, ub it apjieors from our early records to 

BM long coDtinued one of the piincipal articles imported 

of this curious document, which ii 
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froiQ foreign countries. English iron was not only dcareTf 
but it ^'as much inferior in quality to that manufactured 
abroad : and hence all the best arms and tools continued 
to be made of foreign iron. Indeed, the si'ai*cit}' of tiiii 
metal occiisionidly led to gi'eat inconvenience, and to pre- 
vent its rising in ^nnce Parliament enacted, in 1354, timt 
no iron, either wrought or unwrought, should be exported, 
under heavy penalties. For nearly two hundred years — 
til at is, throughout the fourteenth and fifteenth centuries 
— tlic Knglish market was principally supplied with iron 
and steel from Spain and Germany ; the foreign mer- 
chants of the Steel-yard doing a large and profitable trade 
in those commodities. While the woollen and ot>»«fr 
branches of trade were making considerable progress, the 
manufacture of iron stood still. Among the lists of arti- 
cles, the importation of which was prohibited in Edward 
IV.'s reign, with a view to the protection of domestic 
manufactures, we find no mention of iron, which was still, 
as a matter of necessity, allowed to come freely from 
abroad. 

The first indications of revival in the iron manufacture 
showed themselves in Sussex, a district in which the 
Romans had established extensive works« and where 
smeltiniir operations were carried on to a partial extent in 
the neigliborhood of Lewes, in the thirteenth and four- 
teenth centuries, where the iron was principally made into 
nails and horseshoes. The county abounds in iron-stone, 
which is contained in tlie sandstone beds of the Forest 
ridge, lying between the chalk and oolite of the district, 
called by geologists the Hastings sand. The beds run in 
a northwesterly direction, by Ashburnham and Heath- 
field, to Crowborough and thereabouts. In early times 
the region was covered with wood, and was known as the 



iitttl Foreat of Anderida. The Weald, or wild wooclil 
Nionded in oaks of great size, suitable for Bmelling ore } 
J the pniximily of the mineral to the timl>er, 
b the situation of the district in the neighborhood of the 
■pita], sutficicnily account for the Sussex iron-works 

; the most important which existed in h 

■0(1 previous to the discovery of smeltuig by pit-coal. 

1 Tho ii'on ruanufacturers of the south were es[)ei;iall/' 

J during the fifteenth and sixteenth centuries. Th 

s were efilabliahod near to the beds of ore, and 

a where water-power existed, or could be provided 

y-srtiHcial means. Hence the numerous artificial iionda 

liicb are still to be found all over the Sussex iron dis- 

Datns of earth, called " pond-bays," were thrown 

1 wntercourses, with conrcniont outlets built of 

;rein was set the great wheel which worked 

I tiBmmer or blew the furnace. Portions of the ad- 

iBg' forest-land were granted or lensed to the iron- 

la ; and the many plncca still known by the name 

* Chart " in tlie Weiild, probably mark the lands chaiV' 

1 for the purpose of supplying the iron-works with" 

■Qtr necessary fuel. The cast-iron tombstones and slabe 

p many Sussex churchyards. — tbe andirons and chim- 

y backs • still found in old Sussex mansions and farm- 

!, and such names as Furnace Place, Ciuder HUl, 

Farm, and Hammer Pond, which are of very 

pient occurrence throughout the county, cleai'ly mark 
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, tnore P'^^'^l^^tl. The steel ^^ '^Z,^^ 
1 .t nobertabndg®- ,. , __bot1a alike f^v 
M,, and at *^^° „„v,^„gS«cd«»l»'r „ce of charcoal m 

^ .t a«l«£iL^ reo"<« -r ^. toe tiW « 

great advantage overfih^omg^*^ *^ . g^ laonopoly ot 
in the north and west of Eiigiaft.J!J^®^ ule>reciouB to V)e 
iron-works of tliis county enjoyed aSS^T , -ug^ne fico*"^ 
the manufacture. The metal was still tooiL.^ in juila*^^ 
used for cannon-balls, which were hewn of^i^ dioi tP® 
quarries on Maidstone Heatli. Iron was only ar: vtff^ ^ 
and that in limited quantities, for the fabncation ael W ^ 
cannon themselves, and wrought-iron was chiefly u4 'Jl»e ^ 
the purpose. An old mortar which formerly Qgxffa^ ^^ 
Eridge Green, near Frant, is said to have been \ -wlwagf^"*^ 
mortar made in England ; t only the chamber w^ jmd 
while the tube consisted of bars strongly hooped ta^ exN 
Although the local distich says that u^ anc 

** 3ila8ter Hnggett and his man John Uy n^^>S^ 

They did cast the first cannon,*' ^^^ ITOI'^^ 

there is every reason to believe that both cannc of the ^ 
mortars were made in Sussex before Huggett's tiiiof the c^ 
old hooped guns in the Tower being of the date ofUe beda 
VI. The first cast-iron cannons of English manj^m ai^id ^ 

lu earlr 

• For an interesting account of the early iron induBtrv of J , ^ 
M. A. Lower's Qmtributions to LUeraiure^ IlUtorical^ Antigf^^ 
Metrical. London, 1864. 

t Arckaobaia^ VoL X. 472. 



B at Buxleaa, in Sussex, in 1543, by Rnlph 
I, master founiler, wlio employed as his pi'incipal 
lont one Peter Bauds, h Frenirlimmi. Gun-founding 
» B. Pi<each iuvencion, and Mr. Luwer aupiiuscs tbit 
; brougiil over Baiide from France to teaiili liis 
I tliG metliod of casting the guns. About llie 
le time Iloggu employed a skilled Flemisli guosniitli 
lined Peter Van CoDet, wIjo, according to Stowe, " de- 
ll or CHused to be made certain mortiLr pieces, being 
nntoutli from eleven to nine incites wide, for tbc use 
mof Ike said Peter caused to be made certain hollow 
Uof cast-iron to be stuffed with firework, whereof the 
big^r soit for the same Las screws of iron to receive a 
maid] to eoTFj fyre fur to break in small pieces the said 
''^Uflw shot, whereof the smallest piece hitting a man 
»oiild kill or spoil liim." In short, Peter Van Collet 
•«!« iniroduced the manufacture of the explosive shell in 
^i form in which it continued to be used down to our 
<»n day. 

Buude, the Frenchman, afterwards set up business on 
'"* oini account, making many guns, both of brass and 
"^1 some of which are still preserved in the Tower." 
■''Iicr workmen learning the trnde fi-ora him also began 
^ mamifocture on their own account; one of Baude's 
Uls. oamed John Johnson, and afler him his s 

oming famous for the excellence of their 
] giins. The Hoggcs continued the business for 
^eral generations, and became a wenlihy county family, 
s aijother cannon-maker of repute ; and Owen 
e celebrated for his brass culverins. Mr. Lower 
V at a cnrious instance of the tenacity with wLich 
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families continue to follow a particular vocation, that many 
persons of the name of Iluggett still cany on the trade 
of blacksmith in East Sussex. But most of the early 
workmen at the Sussex iron-works, as in other branches 
of skilled industry in England during the sixteenth cen- 
tury, were foreigners, — Flemish and French, — manj 
of whom had taken refuge in this countiy from the relig- 
ious persecutions then raging abroad, while others, of 
special skill, were invited over by the iron manufac- 
turers to instruct their workmen in the art of metal- 
founding.* 

As much wealth was gained by the pursuit of the re- 
vivcMl iron manufacture in Sussex, iron-mills rapidly ex- 
tended over the ore-yielding district. The landed pro- 
I)rictors entered with zeal into this new branch of industry, 
and when wood ran short, they did not hesitate to sacrifice 
their ancestral oaks to provide fuel for the furnaces. Mr, 
Lower says even the most ancient families, such as the 
Nevilles, Howards, Percys, Stanleys, Montagues, Pel- 
hams, Ashbumham:^, Sidneys, Sackvilles, Dacres, and 
Finches, prosecuted the manufacture with all the appar- 
ent ardor of Birmingham and Wolverhampton men in 
modem times. William Penn, the courtier Quaker, had 
iron-furnaces at Hawkhui-st and other places in Sussex. 
The ruins of the Ashbumham forge, situated a few miles 
to the northeast of Battle, still serve to indicate the ex- 
tent of the manufacture. At the upper part of the valley 
in which the works wei*e situated an artificial lake was 
formed by constructing an embankment across the watep- 

• lilr. Lower says : ** Many foreigners were brought over to cany 
on the works; which perhaps may account for the number of French- 
men and Germans whose names appear in onr parish registers abont 
the middle of the sixteenth century.'* — CotUribtUicns to Literature, 108. 



e descending from the higher gronnd,* and thus a 
Bcicnt fatl of water was procured for the purpose of 
g the furnaces, the site of which ia alill marked by 
Burrouodiag mounds of iron-cindera and charcoal waste. 
Three quni-Lera of a mile lower down the valley stood the 
forge, also provided with watei^power for working the 
hanuner; and some of the old buildings are still standing, 
aoKing others the boring-house, of email size, now used 
09 an ordinary laborers cottage, where the guns were 
bored. The machine waa a mere upright drill worked by 
the water-wheel, which was only eighteen inches across 
the breaaL The property belonged, as it still does, to the 
Ashbumham family, who are said to have derived great 
wealth from the manufacture of guns at their works, 
wliich were among the last carried on in Sussex. The 
Afilibumham iron was distinguished for its toughness, and 
*M said to be equal to the beat Spanish or Swedish iron. 
Uanv new men also became enriched, and founded 
toty fiirailies ; the Fuller family frankly avowing their 
a III the singular motto of Carbone el forcipibm, — 
lly, by charcoal and tongs.f Men then went into 

I Tha embMikment and bIhEcos of tlia ftmmce-poml at ths nppsr 
B«r tha YUllej continue to be msiiilnined, the !aka being used by 
nitNnt Lord Anhbnmhnni na a prei^erve for fl^li mid nslerfoH'I. 
B BmbiJIng rme of tlie odd motto Bsaumad by Gillespie, llie tobac- 
HBTGdililJnrgh. founder of Gillaapie'a Hospital, oa wboss cniriaga. 
jkzoned a Scotch mull, with the motto, — 
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IlbjnitpoMible that the 
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to-,»b»ww»l.la.k™i 


Fuller 
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a mfiy have taken their motto from 
hi doxeribiuf- the fatlier of Qstuos- 
nsworJ-culier! — 


K -ii«»i».i«i 
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BIUHD fuHein* 11]. pM, 
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Sussex to push their fortunes st the forges, as they now 
do in Wales or Staffordsliire ; and thej succeeded then, 
as they do now, by dint of application, industcyy and en« 
ergy. The Sussex Archseological Papexa for 1860 con- 
tain a curious record of such an adventurer in the lusiorjr 
of the founder of the Gale family. Leonard Gale was 
bom in 1620 at Riverhead, near Sevenoaks, where his 
father pursued the trade of a blacksmith. When the. 
youth had reached his seventeenth year, his fidher and 
mother, with five of their sons and daughters, died of th& 
plague, Leonard and his brother being the only membera 
of the family that survived. The patrimony of 200/.. Ifift 
them was soon spent ; after which Leonard paid off bis 
servants, and took to work diligently at his father^s trade. 
Saving a little money, he determined to go down inta 
Sussex, where we shortly find him working the St. Leon- 
ard's Forge, and afterwards the Tensley Forge niear 
Crawley, and the Cowden Iron-works, which then bore a 
high reputation. After forty years' labor, he accumulated 
a good fortune, which he lefl to his son of the same ry^iTM*,, 
who went on iron-forging, and eventually became a oooxh 
ty gentleman, owner of the house and estate of Crabbett 
near Worth, and Member of Parliament for East Grih- 
stead. 

Several of the new families, however, after occupying a 
high position in the county, again subsided into the lab<xw 
ing class, illustrating the Lancashire proverb of " Twice 
clogs, once boots,*' the sons squandering what the fathers 
had gathered, and falling back into the ranks again. 
Thus the great Fowles family of Riverhall disappeared 
altogether from Sussex. One of them built the fine nuoh 
sion of Riverhall, noble even in decay. Another had a 
grant of free warren from King James over his estates 
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Bar- 
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rigllt if 
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WarUmrst, Fratil, ICotheHield, and MaytidiL 
r aaye tlic Fourth in descent from this iitraon kcp^ 
^iB tumpikc-gnte at Wadliurst, and that Ihe bat of tlie" 
nily, a day-laborer, emigmted to America in 18J!t, 
v with him, as the sole relic of Lis family great- 
royal graut of free narren glreo to hia ancestor. • 
lie Uarhams and Mansers were also great ii 
[ting aa higU sheriff of the county at dilfcrent timeSy J 
i occupying spacious manEions. One britnuh of these i 

i terminated, Rlr. Lower says, with Nicliohis Bar- 
I, who died in the workliouse at Wadhurst in 1768 ; 
d aoother contioues to be represeuted by a wheelwright 
^t WadUuRit of the same name. 

The iron miuuifacture of Sussex reached its heiglit U 

^srdii ttiQ close of the reign of Elizabetli, when tlie trud»^ 

prosperous lliat, instead of importing iron, 

liind began to ex[H>rt it in considerable quantities, in 

Ajie etiape of iron urdimnce. Sir Tliomaa Leighton and 

^r Ilunry Neville had obtained patents fraiu tlie queen, 

jrhlcli enabled them to send their ordnance abroad, the 

^consequence of whicli was that the Spaniards were Ibutid 

ming their ships and fighting us with guns of our own 

Mifacture. Sir Walter Baleigh, calling atlentioa to 

S sulyect in Uie Hou?e of Commons, said, " I am sure 

retoforc one ship of Her Majesty's was able to beat ten 

Spminrds, but now, by reason of our own ordnanue, we 

1 Iwrdiy matcht one to one." Pi-oclamations wera 

J forbidding the export of iron and hi'ass ordnance,,- 

as brought uito Parliament to put a stop t 

i trade i but, notwithstanding these proliihitiona, the 

i guns long continued to be smuggled out 
iDtfy in considerable numbers. " It is almost ii 
' tftys Camden, " how many gons are made of li 
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iron in this county. Count Gondomar (the Spanish am- 
bassador) well knew their goodness when he so often 
begged of King James the boon to export them." 
Though the king refused his sanction, it appears that Sir 
Anthony Shirley of Weston, an extensive iron-master^ 
succeeded in forwarding to the King of Spain a hundred 
pieces of cannon. 

So active were the Sussex manufacturers, and so brisk 
was the trade they carried on, that during the reign of 
James I. it is supposed one half of the whole quantity of 
iron produced in England was made there. Simon Stur- 
tevant, in his " Treatise of Metallica," published in 1612, 
estimates the whole number of iron-mills in England and 
"Wales at eight hundred, of which, he says, " there are 
foui'e hundred milnes in Surry, Kent, and Sussex, as the 
townsmen of Ilaslemere have testified and numbered 
unto me." But the townsmen of Haslemere must cer- 
tainly have been exaggerating, unless they counted 
smiths' and farriers' shops in the number of iron-mills. 
About the same time that Sturtevant's treatise was pub- 
lished, there appeared a treatise entitled the " Surveyors* 
Dialogue," by one John Norden, the object of >vhich was 
to make out a case against tlie iron- works, and their being 
allowed to bum up the timber of the country for fueL 
Yet Norden does not make the number of iron-works 
much more than a third of Sturtevant's estimate. He 
says, " I have heard that there are or lately were in 
Sussex neere 140 hammers and furnaces for iron, and in 
it and Surrey adjoining three or four glasse-houses." 
Even the smaller number stated by Norden, however, 
shows that Sussex was then regarded as the principal 
seat of tlie iron-trade. Camden vividly describes the 
noise and bustle of the manufacture, — the working of the 



f hMnimers, which, " beating upon the iron, fill tlie I 
gtilKirhood I'onncl Abont, day and night, with conllnnnJ ' 

These hammers were, for the moat part, worked 
llie power of water, carefully stored in the arlilicial 
■r-ponds" above described. The hamrner-sliaft 
la usually of ash, about nine feet lon^, eUimped at inter- 
9 with iron hoops. It was worked by the revolutions 
the water-wlieei, furnished with piojicting arms or 
lu to miae the bamincr, wJiicb foil as each knob 
led, the rapidity of its action of eonrse depending on 
t Telocity with which the water-whetl revolved. The 
-blast was also worked for the moit part by water- 
». Where the furnaces were emnll, the blast was 
odMCed by leather bellows worked by hand, or by a 
96 miking ID a gin. The foot-blssls of the cai'licr 
t-imeltera were so imperfect, that hut a small propor- 
m of the ore was reduced, so that the iron-makera of 
f times, more particularly in the Forest of Dean, 
lltnd of digging (or U'on-stone, resorted to the beds of 
KJleiil Bcoriic for their principal supply of the mineral. 
Notwithstanding tlie large number of furnaces in blast 
ranghont tlie county of Susses at the period we refer to, 
r ftodace was comparatively small, and must not be 
■nred by the ouormous produce of modem iron-works ; 
rwlule an iron-furnace of the present day will easily 
rnont one hundred and fifty tons of pig per week, the 
KoT the older furnaces did not produce more than fj'oin 
W to four tons. One of the last extensive contracts 
iCDtetl in Sussex was the casting of the iron rails 
k* enwloee Sl Paul's CathednU. The contract 
Q^M too large for one iron-master to undertake, and it 
I QOiuequeatly distributed amongst several controctorv, i 
igh tlia principal part of the work was executed ul I 
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Lamberhurst, near Tunbridge Wdls. But to prodooa 
the comparatively small quantity of iron turned out hj 
the old works, the consumption of timber was enormous ; 
for the making of every ton of pig-iron required four 
loads of timber converted into charcoal fuel, and the 
making of every ton of bar-iron required tliree additional 
loads. Thus, notwithstanding the indispensable need of 
iron, the extension of the manu&cture, by threatening the 
destruction of the timber of the southern counties, came 
to be regarded in the light of a national calamity. Up to 
a certain point, the clearing of the Weald of iter dense 
growth of underwood had been of advantage, by afierdiog 
better opportunities for the operations of agriculture. 
But the " voragious iron-mills " were proceeding to swal- 
low up everything tlmt would burn, and the old forest 
growths were rapidly disai)pearing. An entire wood was 
soon exhausted, and long time was needed before it grew 
again. At Lamberhurst alone, though the pi-oduce was 
only about five tons of iron a week, the annual consump- 
tion of wood was about two hundred thousand cords L 
Wood continued to be the only material used for fuel 
generally, — a strong prejudice existing against the use 
of sea-coal for domestic purposes.* It therefore began to 
be feared that there would be no available fuel loft within 
practicable reach of the metropolis ; and the contingency 
of having to face the rigorous cold of an Gnglish winter 
without fuel naturally occasioning much alann, the action 

* It wn» then believed that sea or pit-coal was poisonons when bnmt 
in dwellings, and that it was especially Injurious to the human eom- 
plcxion. All sorts of diseases were attributed to its. um, Mid at one 
time it was even penal to bum it. The Londoners only began to 
reconcile themselves to the use of coal wfecn the wood within reaok 
of the metropolis had been nearlya||jii|9miit up, and no other ftnl 
to be had. ••'^ 



Iha govarament was deenidd aecessary to i-cmedj die 
nlicixled evil. 
Tw check the destruction of kqoiI near London, an 
a |tuased in IdSl prohibiliug its canversion into fuel 
the uiakio;; of iron within fourteen miles of tha 
1, forbidding the erection of new iron-works wilhia 
entj-two miles of Londgo, aad ■"cslriL-ting the num 
tr of works in Kent, Surrey, and Sussex beyond th 
love Umits. Similar enactmeDla were made in futur 
ftriiamenifi with the same object, whieh bad tbe effect 
' checking the trade, and sererul of tbe Sussex ij 
iteia were under the necessity of removing theic works. 
twbere. Some of tbem migrated to Glaraorgansbire, 
. South Wales, because of tbe abundance of tlmbei 
U BS ironr«tone in tbat quarter, and tbere set up tbcir 
gW, more particularly at Aberdare and Merlliyr Xyd- 
> Mr. Llewellin has recently published an interesting 
lOIIIit of llieir procceilinga, with descriptions of theii 
X,* remains of wbieb still exist at Llwydcoed, Pon- 
9, and otber places in the Aberdare valley. Among 
e Sussex mastew who settled in GlamorgansbiM 
t purpose of cari')'ing on tlio Iron manufacture - 
rdur Burrell, llie friend of John Ray, the naturalist, 
■ rf the Morleys of Giynde in Sussex, the Kelfca from 
ayflehl, and the Cheneys fi'om Crawley. 
Notwithstanding these migrations of ontei'prising man- 
bcUmn, tlio iron trade of Suaseic continued to exist 
Itfl the middle of the seventeenth century, when the 
ule of timber was again urged upon the attention of 
irliament, and tlie penalties for infringing the statutes 
a b> have been more rigorously enforced. Tbe trade 
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then suffered a more serious check ; and during the civil 
wars, a heavy blow was given to it by the destruction of 
the works belonging to all royalists, which was accom- 
plished by a division of the army under Sir William 
Waller. ]Most of the Welsh iron-works were razed to 
the ground about the same time, and were not again re- 
built And afler the Restoration, in 1674, all the royal 
iron-works in the Forest of Dean were demolished, leaving 
only such to be supplied with ore as were beyond the 
forcst limits; the reason alleged for this measure being 
lest the iron manufacture should endanger the supply of 
timber required for shipbuilding and other necessary par- 
poses. 

From this time the iron manufacture of Sussex, as of 
England generally, rapidly declined. In 1740 there were 
only fifty-nine furnaces in all England, of which ten were 
in Sussex; and in 1788 there were only two. A few 
years later, and the Sussex iron-furnaces were bloiJiTi out 
altogether. Famhurst in western, and Ashbumham in 
eastern, Sussex, witnessed the total extinction of the man- 
ufacture. The din of the iron-hammer was hushed, the 
glare of the furnace faded, the last blast of the bellows 
was blown, and the district returned to its original rural 
solitude. Some of the furnace-ponds were drained and 
planted with hops or willows ; others formed beautiful 
lakes in retired pleasure-grounds ; while the remainder 
were used to drive flour-mills, as the streams in North 
Kent, instead of driving fulling-mills, were employed to 
work paper-mills. All that now remains of the old iron- 
works are the extensive beds of cinders from which ma- 
terial is occasionally tfiken to mend the Sussex roads, and 
the numerous furnace-ponds, hammer-posts^ forges, and 
cmdcr-places, which mark the seats of the ancient manii' 
facture. 



CHAPTER III. 

IlON-SMELTIKG BY PiT-COAL. — DUD DuiJLET. 

*God of hli Inftnite goodness (if we will bnt take notice of his goodness unto 
ttta Matlan) hath made this Country a very Granary for the supplying of Smiths 
vlth Iron, Cole, and Lime made with cole, which hath much supplied these men 
vtth 0am also of late ; and firom these men a great part, not only of this Island, 
tatakeefhto Majestie^s other Kingdoms and Territories, with Iron wares have 
iMr lapply, and Wood in these parts almost exhaust^Ml, although it were of late 
SBiglMy woodland country.** — Dddlet^s MetcUlum Mortis^ 1665. 

The severe restrictions enforced by the legislature 
aguiwt the use of wood in iron-smelting had the effect of 
HlmoBt extinguishing the manufacture. New furnaces 
ceased to be erected, and many of the old ones were al- 
lowed to fall into decay, until it begjin to be feared that 
tliis important branch of industry would become com- 
pletely lost. The same restrictions alike affected the 
operations of the glass manufactuni, wliich, with the aid 
of foreign artisans, had been grachially established in 
England, and was becoming a thriving branch of trade, 
^t was even proposed that the smelting of ircm should be 
•beolutely prohibited. " IVIaiiy think," said a contemporary 
^ter, " that there should be no works anywhere, — they 
4) 80 devour the woods.*' 

The use of iron, however, could not be dispensed with. 
The very foundations of society rested upon an abundant 
BQpply of it, for tools and implements of peace, as well as 
finr weapons of war. In the dearth of the article at home, 
A supply of it was therefore sought for abroad ; and both 
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iron and steel came to be ini|)orted in largely-increased 
quantities. This branch of trade was principally in the 
hands of the Steelyard Company of Forei<^ MercbantSy 
established in Upper Thames Street, a little above Lon- 
don Bridge ; and they imported large quantities of iron 
and steel from foreign countries, principally from Sweden, 
Germany, and Spain. The best iron came from Spain, 
though the Spaniards on their part coveted our English- 
made cannons, which were better manufactured tlian 
theirs ; while the best steel came from Gennany and 
Sweden.* 

Under these circumstances, it was natural that persona 
interested in the English iron manufacture should turn 
their attention to some other description of fuel which 
should serve as a substitute for the prohibited article. 
There was known to be an abundance of coal in the 
northern and midland counties, and it occurred to some 
speculators, more than usually dai'ing, to propose it as a 
substitute for the charcoal fuel made from wood. But 
the same po])nlar prejudice which existed against the use 
of coal for domestic purposes prevented its being em- 
ployed for purposes of manufacture ; and they were 
thought very foolish persons indeed who first promul- 
gated the idea of smelting iron by means of pit-coaL 
The old manufacturers h(>ld it to be impossible to reduce 
the ore in any other way than by means of charcoal of 
wood. It was only when the wood in tlie neighborhood 
of the iron- works had been almost entirely burnt up, that 

* As lato M 1700, long after the monopoly of the foreign merchanti 
had been abolished, Pennant sa}^: *' Tiie present Steeljard is the 
great repository of imported iron, which furnishes our metropolis witJi 
that necessary material. The quantity of bars that fills the yard and 
warehouses of this quarter strikes with astonishment the most indUAr- 
tnt beholder.'* — PEMNAirr, Account of London^ 809. 



Ihe nMumfiictOrcrB ivcre driven lo cntei-tain Uiu iopa of 
luln^ coal fi3 a aubelitiiie i but more tlian a liuuilrwl jciirs 
imsHid berorc tlie practice of amelling irwi bj its mtans 
beotnie general. 

The &r»[ who took out a patent for the purpose wna 
one Simon Sturtevani, a Gc:nnan skilled in mioing iter- 
ations ; tliB profepsed objuct of liis invenlioo being " lo 
ncale, melt, and norke all kind of metal oares, ii-ons, and 
■teclea wilii eear^oule, pit-coalo, oarth-coale, and brush 
fi;well." Tbe |H-incipal end of Lis invention, he stntee in 
Ilia Tiiolite of Melaliica,' is to save the consumption and 
waate of Llie woods and timber of the country ; and, eltould 
his deiiigti succeed, he holds that it " will prove (o be tlw 
but and mo^t prolitiible business and invention ttial ever 
wu known or invented in England llkese manj yenres." 
Ba Mys he bas already made trial of the process on a 
ffimll scale, and ia conlident tliat it will prove equally 
tHwcssful on a large one. Slurtevant was not very sjie- 
nUc 13 lo his process ; but it incidentally appears lo liave 
lieeft his pui-pose to reduce the coal by an irai>eifeft coio- 
huMiiBi lo ihe condition of coke, thereby ridding it of 
lignant proprieties which are averse lo ihe nn- 
I of metalliqne substances." The subject wits treated 
was customary in tlioso days, as a groat mys- 
Fi Kude Blili more mysterious by the multitude of 
fords under which he ondeiiook to describe bia 
"Ignick Invention." All the opei-ations of industry were 
Vita treated as secrets. Each trade was a crnO, and 
liniKi who followed it were cidled craftsmen. Even the 
fouunon corpooler was a handici'aftsman ; and skilled 

ilttnltica; brirjti) comprilitiidiiig Ott Docliint of 
lint MilaUUiil lattnlhtii, ^c. Ilepriated uii (ublialird >( 
It Sell PalSDt Office, IStA. 
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artisans were " cunning men." But the higher branches 
of work were mysteries, the conmiunication of which to 
others was carefully guarded by the regulations of the 
trades' guilds. Although the early patents are called 
specifications, they in reality specify nothing. They are 
for the most part but a mere haze of words, from which 
very little definite information can be gleaned as to the 
processes patented. It may be that Sturtevant had not 
yet reduced his idea to nny definite method, and therefore 
could not definitely explain it. However that may be, it 
is certain that his process failed when tried on a large 
scale, and Sturtevant's patent was accordingly cancelled 
at the end of a year. 

The idea, however, had been fairly bom, and repeated 
patents were taken out with the same object from time to 
time. Thus, immediately on Stuitevant's failure becom- 
ing known, one John Rovenzon, who had been mixed up 
with the other's adventure, applied for a patent for making 
iron by the same process, wliich was granted him in 1613. 
His Treatise of MetaUica * shows that Rovenzon had a 
true conception of the method of maimfacture. Never- 
theless he, too, failed in carrying out the invention in 
practice, and his patent was also cancelled. Though 
these failures were very discouraging, like experiments 
continued to be made and patents taken out, — princi- 
pally by Dutchmen and Germans,t — but no decided 
success seems to have attended their efforts until the 
year 1620, when Lord Dudley took out his patent "for 
melting iron ore, making bar-iron, &c., with coal, in fur- 

* Reprinted and published at the Great Seal Patent Office, 1868. 

t Among the early patentees, besides the names of Sturtevant and 
Rovenzon, we And thoi>e of Jordens, Francke, Sir Phillibert VeniAt^ 
and other foreigners of the above nations. 




BY PIT-COAL. — DUD DDDLET. G9 

I, with bellows." This patent was taken out »t the 
nice of his son Dud Dudley, wlioac Bloiy vfe gather 
r from his treatise entitled Mctallum Martis, and 
r fpom rarioua petilioTis presented by him to tlie 
5, which are pi'tsei'ved in tlie State Paper Office, and 
IB as follows : — 

i Dudley Wiis boni in 1.599, tlie natural bou of Ed- 
l Dudley of Dudley Castle iu tlie county of 
s th6 fijurlli of eleven children hy the 
ume mother, who is descriLt^d in the pedigree of the 
&mily given in tiie Herald's visitttion of the county ol' 
liTonl ID the ye<ir IGliS, signed by Dml Dudley liimself, 
PEIimbelh, daughter of VVilHani Tomlinsou oi' Dudley, 
I of Edward Lord Dudley." Dud's eldest 
■ IS descrihed in the same pedigree as Rubeit 
, Squire, of Netherton Hull ; and as his sisters 
Wy manied well, several of them county gentlemeu, 
> ohvioua that the family, notwithstanding that the 
■ rtiildpcn were bom out of wedloi^k, held a good position 
in Iheir noighborliood, and were regarded with respect. 
Lord Dudley, though married and having legitimate hell's 
i uilie time, seems to have atteuded to the up-bringing of 
Ws natural children ; educating lliem carcfidly, and aller- 

■b employing them in confidential offices connected 
llie management of his extensive property. Dud 
clbes liimEelf as taking great delight, when a youtli, 
Is fiither^ iron-works near Dudley, where lie obtained 
iderahle tnowledge of the vai'ious proeeasea of tlie 
DUnuliu'ture. 
The town of Dudley was already a centre of the iron 
bctarei tliough cliiefly of small wares, such as nails, 
I, keys, locks, and common agricultural toots ; 
Kitwae estimated that there were about twenlv tliou- 
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sand smiths and workers in iron of various kinds living 
within a circuit of ten miles of Dudley Castle. But, as 
in the southern counties, tlie production of iron had suf- 
fered great diminution fiom the want of fuel in the dis- 
trict, " tliougli formerly a mighty woodland country " ; 
and many important branches of the local trade were 
brought almost to a stand-still. Yet there was an extraor- 
dinary abundance of coal to be met with in the neigh- 
borhood, — coal in some places lying in seams ten feet 
tliirk, — iron-stone four feet thick immediately under the 
coal, with limestone conveniently adjacent to both. The 
conjunction seemed almost providential, — "as if," ob- 
serves Dud, " God had decreed the time when and how 
these smitlis should be supplied, and this island also, with 
iron, and most especially that this cole and iron-stone 
should give tlie first and just occasion for the invention of 
smelting iron with pit-cole " ; though, as we have already 
seen, all attempts heretol'ore made with that object had 
practically failed. 

Dud was a special favorite of the Earl his &ther, who 
encouraged his speculations with reference to the improve- 
ment of the iron manufacture, and gave him an education 
calculated to enable him to turn his excellent practical 
abilities to account. He was studying at Baliol College, 
Oxford, in the year 1G19, when the Earl sent for him to 
take charge of an iron furnace and two forges in the chase 
of Pensnet in Worcestershire. lie was no sooner installed 
manager of tlie works, than, feeling hampered by the want 
of wood for fuel, his attention was directed to the em- 
ployment of pit-coal as a substitute. He altered his fur- 
nace accordingly, so as to adapt it to the new process, and 
the result of the fii-st trial was such as to induce him to 
pei-sevcre. It is nowheie stated in Dud Dudley's trea- 



i BY PIT-COAL. — DUD D 

K wliat wua the preoisQ nature of the metlioil ailopteJ by 
B 1 but il is ninst probahle tliat, in cnJcavoi'iii^- ti> suh- 
oal for wooJ as fuel, iie would Bulijeut ilic coal lo ' 
8 EHnil^ir to Iliut of chiiivuul-liuruiii^ I'liu ruKult 
1) wliut is cilUtil Coku ; anil ns Duillcj ijilurms us 
roUf)w<.-(l up his firiit experiment tvitli n ecirond 
t, by mettus of ivliicli lie ivaa onalileil to produce good 
di«tuli]u iron, tjis presumption is lliat his success wiia 
to an improvement of the lilast which lie cnn- 
iT llie purpose of keeping up the active eoinbuetion 
e fuol- Though the quaT]tity product^d by t!«e new 
.3 compjiradvely Bmall, — riot more than three 
IfflH 3 week from each furniico, — Dudley anticijiatcd 
tlal greuter eKperience would etinble him to incrcniie 
tba quantity; and at all events he had succeeded in. 
; thu practicability of smelting iron with fuel 
a irojB pil-cottl, which eo muny before him had tried 

LlismedinCely after the second trial had been made with 
i issue, Dud wrote to his fatlier the Euil, then in 
li iolbrmizig bim what he bod done, and desiring 
t once lo obtain a juitent for the inveutioa from 
IgJumes. This was rcndily granted, and the patent 
>. I6J, dated the 2'2d February, 1G20, waa taken out 
A luutie of Lor<l Dudley himself. 
ud proceeded with the manufacture of iron at Pensnel, 
i tlso at Cradley in StafTordsliire, where he erected 
IT furnace ; and a year after llie potent was grunted 
e eilabled lo send up to the Tower, by the liing'a 
ind, a considerable quantity of the new iron for ti'iiil. 
feipcrimcnis n'ere made with it; its qualities v 
r tested, and it was pronounced ''good merchnntiiblQ 
Dud adds, in hia treatise, tlint liia brother-Iti- 
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Kichard Parkshouse, of Sedgeley,* " had a fowling-gan 
there made of the pit-cole iron," which was ** well ap- 
proved." There wa« therefore every prospect of the new 
method of manufacture becoming fairly established, and 
with greater experience further improvements might with 
confidence be anticipated, wlien a succession of calamities 
occurred to the inventor which involved him in difficulties, 
and put an effectual stop to the progress of his enterprise. 
The new works had l)een in successful operation little 
more than a year, when a flood, long after known as the 
" Great May-day Flood," swept away Dudley's principal 
works at Cradley, and otherwise inflicted much damage 
throughout the district '^At the market town called 
Stourbridge," says Dud, in the course of his curious nar- 
rative, " although the author sent with speed to preserve 
the people from drowning, and one resolute man was car- 
ried from the bridge there in the da3rtime, the nether part 
of the town was so deep in water that the people had 
much ado to preserve their lives in the uppermost rooms 
of tlieir houses." Dudley liimself received very little 
sympathy for his losses. On the contrary, the iron smelt- 
ers of the district rejoiced exceedingly at the destruction 
of his works by the flood. They had seen him making 
good iron by his new patent process, and selling it cheaper 
than they could afford to do. They accordingly put in 

* Mr. Parkshouse was one of the esquires to Sir Ferdinando Dndlej 
(the legitimate son of tlie Earl of Dudley) when he was luade Knight 
of the Bath. Sir Ferdinando's only daughter Frances married Humble 
Ward, son and heir of William Ward, goldsmith and jeweller to Charles 
the First's queen. Her husband having been created a baron by the 
title of Baron Ward of Birniinghain, and Frances becoming Baronete 
of Dudley in her own right on the demise of her father, the baronies 
of Dudley and Ward thus became united in their eldest son Edward 
iu tlie year 1697. 



Illation all maDoer of disparaging reports about hia 
It was bad iron, not fit to be used ; indeed, no iron, 
Mjit what was smelted wltii charcoal of wood, could be 
To smelt it with coal was a dangerous innoTation, 
L could only result in some great puhlic calamity, 
iters even appealed to King James lo put a 
Btop to Dod's manufacture, alleging that his iron waa not 
men'haii table. And then came the great flood, which 
(wcpl away hia works; the hostile ironmasters now hoping 
tbat there waa an end forever of Dudley's pit-coal iron. 

But Dud, with his wonted energy, forthwith set to 

vork and regiaired Ills furnaces aud forges, tliough nt 

great coat ; and in the cnuj-se of a short time the new 

manufacture was again in full progress. The ironmasterB 

nised a fresh ontcry against him, and addressed anothei 

rong memonal agtuoet Dud and his iron to King James. 

a Hcems to have taken efiei-t ; ami in order to ascer- 

li the quality of the article by testing it upon a large 

,' tlie king commanded Dudley to send up to the 

KVer of Loudon, with every possiMe speed, quantities 

il the sorts of bnr-iron made by hiui, fit for the " mak' 

b of muskels, carbines, and iron for great bolts for ehip- 

i which iron," continues Dud, " bi-Ing so tried by 

s nnd smiths, the ironniiistei's and ironmongers were 

■ wlenced until the 2i3t year of King James's reign." 

D iranmasteis then endeavored to get the Dudley pa- 

J io the monopolies to be abolished by the 

ute of tliat year ; but all tliey could accomplish was 

it'ticniuition of the patent to thurtceo years instead of 

ktj^ire i the 8|>ei'iul exemption of the patent fram the 

<n oi' the stntutc nllbixling a suliicienl indication of 

B isaportitnce already ntlin'hcd to the invention. Afler 

ptiiiu DiiUey "went on with his invention cheerfully. 



J 



74 INDUSTRIAL BIOGRAPHY. 

and mode annuallj great store of iron, good and mer- 
chantable, nnd sold it unto diverse men at twelve pounds 
per ton." "I also," said he, "made all sorts of cn5t-iron 
WMn*s, as brewing cisterns, pots, mortal's, &c., better and 
(■heHi)er than any yet made in these nations with cliarcoal, 
some of which are yet to be seen by any man (at the au- 
thor's house in the city of Won»ester) that desires to be 
satisfied of the truth of the invention.*' 

Notwithstanding this decided success, Dudley encoun- 
tered nothing but trouble and misfortune. The iron- 
mnstcrs combined to resist his invention ; they fastened 
lawsuits upon him, and succeeded in getting him ousted 
from his works at Cradley. From thence he removed to 
Ilimley in the county of Stafford, where he set up a pit- 
coal furnace ; but being without the means of forging the 
iron into bars, he was constrained to sell the j)ig-iron to 
the charcoal ironmasters, " who did him much prejudice, 
not only by detaining his stock, but also by disparaging 
his iron." lie next proceeded to erect a large new fur- 
nace at Ila^^co Bridge, near Sedgeley, in the same countyy 
for the purpose of carrying out the manufacture on the 
most improved principles. This furnace was of stone, 
twenty-seven feet square, provided with unusually large 
bellows ; and when in full work he says he was enabled 
to turn out seven tons of iron per week, " the greatest 
quantity of pit-coal iron ever yet made in Great Britain." 
At the same place he discovered and opened out new 
workings of coal ten feet thick, lying immediately over 
the iron-stone, and ho prepared to carry on his operations 
on a large scale ; but the new works were scarcely fin- 
ished when a mob of rioters, instigated by the charcoal 
ironmasters, broke in upon them, cut in pieces the new 
bellows, destroyed the machinery, and laid the results of 
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an liui deep-laid ingenuity and persevering industry in 
ruins. From that time forward Dudley was allowed no 
rest nor peace: he was attacked by mobs, worried by 
lawsuits, and eventually overwhelmed by debts. He was 
then seized by his crccIitoi*s and sent up to London, where 
lie was held a prisoner in the Comptoir for several thou- 
sand pounds. The charcoal-iron men thus for a time re- 
mained masters of the field. 

Charles I. seems to have taken pity on the suffering 
inventor; and on his earnest petition, setting forth the 
great advantages to the nation of his invention, from 
which he had as yet derived no advantage, but only 
losses, sufferings, and persecution, the King granted him 
a renewal of his patent* in the year 1G38 ; three other 
gentlemen joining him as partners, and doubtless provid- 
ing the requisite capital for caiTying on the manufacture 
after tlie plans of the inventor. But Dud^s evil fortune 
continued to pursue him. The patent had scarcely been 
secured ere the Civil War broke out, and the arts of 
peace must at once perforce give place to the arts of 
war. Dud's nature would not suffer him to be neutral at 
such a time ; and when the nation divided itself into two 
hostile camps, his predilections being strongly loyalist, 
he took the side of the King with his father. It would 
appear from a petition presented by him to Charles II. 
in 16G0, setting forth his sufFerings in the royal cause, 
and praying for restoral to certain offices which he had 
enjoyed under Charles I., that as early as the year 1G37 
he liad been employed by the King on a mission into 
Scotland,! h^ the train of the Marquis of Hamilton, the 

^ Patent No. 117. Old Series, granted in 1638 to Sir George HorMy, 
David BfHDBey, Roger Fonlke, and Dud Dudley. 
f By his own acoonnt, given in MataUam MartU^ while in Scotland 
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K'lw^H Oimmissioner. Again in 1639, leading his iron* 
wcii'kH and imrtnere, he accompanied Charles on his expe* 
diiion urn MM the Scotch border, and was present with the 
urmy until Its discomfiture at Newburn near Newcastle in 
the following year. 

The sword was now fairly drawn, and Dud seems fbi 
a time to have abandoned his ii-on-works and followed en- 
tirely the fortunes of the King. He was sworn surveyor 
of the JMews or Armory in 1640, but, being unable to pay 
for the patent, another was sworn in in hiis place. Yet 
his loyalty did not falter, for in the beginning of 1642, 
when Charles set out from London, shortly after the fall 
of Strairord and Laud, Dud went with him.* lie was 
pr(*H(Mit lu^foru Hull when Sir John Hotham shut its gates 
in the kiii^'d face ; at York when the royal commissions 
of array w(;re Hcnt out enjoining all loyal subjects to send 
men, arms, money, and horses, for defence of the king 
and maintenance of the law ; at Nottingham, where the 
royal Htaiulard was raiHcd ; at Coventry, where the towns- 
jK'ople refused the king entrance and fired upon his troops 
from the walls ; at Edgehill, where the first great but in- 

In in:)7, liu visited tlio Highlands ns well as the lA)wland9, spending 
tho wholu Kiiininor of that year " in opening of mines and making of 
disci)VKri(>M**; H|)cndiiip: P^rt of the time with Sir James Hope of Lead 
Hills, near where, ho say^, ** he got gold.*' It does not appear, how- 
over, that any iron-furgus existed in Scotland at the time; indeed, 
Dudley expressly says that '* Scotland maketh no iron"; and in his 
treatise of 1665 he urges that the Corporation of the Mines Royal 
should set him and his inventions at work to enable Scotland to ei^joj 
tho benefit of a cheap and abundant supply of the manafactured 
articlo. 

* Tho Journals of tlio House of Commons, of the 13th June, 1642, 
contain tho resolution *^ that Captain Wolseley, Ensign Dudley, and 
John Lonioton be forthwith sent for, as delinquents, by the Serjeant* 
at-Arnis attending on the House, for giving interruption to the 
tiou of tho ordinance of the militia in the county of Leicester.*' 



iaiTO boltio was fought belween the contending parties 
as Dud Dudley stales in liis petition, 
jf the bnttailes that year, and nlso supplj'cd his 
( Biuired Jlnjestie'a mrtgazinea of Stnfford, Worcester, 
Castle, and Oxford, with arms, shot, drakes, 
I cannon ; and also, Iwcame mnjor unto Sir FraundB 
■sky's regiment, wUicli was much decaicd." 
a 1 G43, according to the alntement contained 

n Orbove referred to. Dud Dudley acted aa military 

er in setting out the fortifications of Worcester and 

ifitml, and rumishing them with ordnance. After the 

^ of Lichfield, in wliich he hod a share, he was made 

ifhJ of Dragoons, and accompanied the Queen witli 

I Mginient to the iwyal licad-(]iiarterH at Oxford. Tho 

r aAer we find him at tlie siege of Gloucester, tlicn 

} first hattle of Newhury leading the forlorn hope 

I Sir George Lisle, afterwards mai^:lung with Sir 

s Lucns into the a.t30ciate counties, and present at 

^alisl rout at Newport, Tliat he was esteemed a 

uti and sliilful officer is apparent from the circuro- 

i, thai in 1G43 he was appointed general of Prince 

8 train of ftrtilluiy, and aftenvards held the same 

!c under Lord Asliley. Tho iron districts being stilt 

e most part occupied by tlie royal armies, onr mili- 

f engineer turned his practical experience to account 

tg the forging of drakes • of bar-iron, which 

i tornid of great use, giving up his own dwelling- 

e In the city of Worcester for tlio purpose of carrying 

e manufacture of these and other nmns. But Wor* 

r and the western towns fell before the Parliameo- 

n aroues in 1 Gi6, and all the iron-works belonging to 
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royalists, from which the principal supplies of arms had 
been drawn by the king's army, were forthwith destroyoiL 

Dudley fully shared in the dangers and vicissitudes of 
that trying period, and bore his part throughout like ft 
valiant soldier. For two years nothing was heard of 
him, until in 1G48, when the king's party drew together 
again, and made head in different parts of the country^ 
north and south. Goring raised his standard in Essex, 
but was driven by Fairfax into Colchester, where he de- 
fended himself for two months. Wliile the siege was in 
progress, the royalists determined to make an attempt to 
raise it On this Dud Dudley again made his appearance 
in the field, and, joining sundry other counties, he pro- 
ceeded to raise 200 men, mostly at his own cliarge. 
They were, however, no sooner mustered in Bosco Bello 
woods near Madeley, than they were i^ttacked by the 
Parliamentarians, and dispersed or taken prisoners. Dud 
was among those so taken, and he was first carried to 
Uartlebury Castle and thence to Worcester, where he 
was imprisoned. Recounting the sufierings of liimself 
and his followers on this occasion, in the petition pre- 
sented to Qiarles II. in 1660,* he says, " 200 men were 
dispersed, killed, and some taken, namely, Alajor ILuv 
court. Major Elliotts, Capt. Long, and Cornet Hodgetts, 
of whom Major Ilarcourt was miserably burned with 
matches. The petitioner and the rest were stripped al- 
most naked, and in triumi)h and scorn carried up to the 
city of "Worcester (which place Dud had fortified for the 
king), and kept close prisoners, with double guards set 
upon the prison and the city." 

Notwithstanding this close watch and durance, Dudley 
and Major Elliotts contrived to break out of jail, making 

• State Paper Offioe, Dom. Charles 11^ Vol. XL 64. 
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th^ waj over the tops of the iiou^es, afterwards passing 
the guards at the city gates, and escaping into the open 
country. Being hotly pursued, they ti*avelled durincc the 
night, and took to the trees during the daytime. They 
Bucoeeded in reaching London, but only to dro]) ag:i:n 
into the lion's mouth ; for first Major Elliotts >vajs ca])- 
tured, then Dudley, and both wei*e taken before Sir John 
Warner, the Lord Mayor, who forthwith sent them before 
the ** cursed committee of insurrection," as Dudley calls 
them. The prisoners were summai'ily sentenced to be 
shot to death, and were meanwhile closely imprisoned in 
the Gatehouse at Westminster, with other Royalists. 

The day before their intended execution, the prisoner 
formed a plan of escape. It was Sunday morning, tlie 
20th August, 1648, when they seized their opportunity, 
** at ten of the docke in sermon time " ; and, overpower- 
ing the jailers, Dudley, with Sir Henry Bates, Major 
£lIlotts, Captain South, Captain Paris, and six othera, 
Bucoeeded in getting away, and making again for the open 
country. Dudley had received a wound in the leg, and 
oould only get along with great difficulty. He records that 
he proceeded on crutches, through Worcester, Tewkes- 
bury, and Gloucester, to Bristol, having been " fed thi*ee 
weeks in private in an enemy's hay-mow." Even the 
most lynx-eyed Parliamentarian must have failed to rec- 
ognize the quondam royalist general of artillery in the 
helpless creature dragging himself along upon crutches ; 
and he reached Bristol in safety. 

His military career now over, he found himself abso- 
lutely penniless. His estate of about 200/. per anrium 
had been sequestrated and sold by the government ; * his 

• Hm Journals of the House of Commons, on the 2d November, 1652, 
hvn the following entry: ** The House this day resumed the debate 



80 INDUSTRIAL BIOGRAPHY. 

house in Worcester had been seized, and his sickly wife 
turned out of doors ; and hia goods, stock, great shop, and 
iron-works, which he himself valued at 2,000/^ were de- 
stroyed. He had also lost the offices of Sergeant-at-arms, 
Lieutenant of Ordnance, and Surveyor of the Mews, 
wliich he had held under the king ; in a word, he found 
himself reduced to a state of utter destitudon. 

Dudley was for some time under the necessity of liv- 
ing in great privacy at Bristol ; but when the king had 
been executed, and the royalists were finally crashed at 
Worcester, Dud gradually emerged from his concealment, 
lie was still the sole possessor of the grand secret of 
smelting ircn with pit-coal, and he resolved upon one 
more commercial adventure, in the hope of yet turning it 
to good account. He succ(?eded in inducing Walter Ste- 
vens, linen-draj)er, and John Stone, merchant, both of 
Bristol, to join him as partnei-s in an iron-work, which 
they proceeded to erect near that city. The buildings 
were well advanced, and nearly 700/. had been expended, 
when a quarrel occurred between Dudley and his part- 
ners, which ended in the stoppage of the works, and the 
concern being thro>>Ti into chancery. Du/dley alleges 
that the other partners "cunningly drew him into a 
bond," and " did unjustly enter staple actions in Bristol 
of great value against him, because he was of the king's 
party " ; but it would appear as if there brad been some 
twist or infirmity of temper in Dudley hnimself, which 
prevented him from working harmoniously fkvith such per- 
sons as he became associated with in affairs^il of business. 

In the mean time other attempts were r jaade to smelt 

ii 

upon the additionnl Bill for sale of several lands an d estates forfeited 
to the Commonwealth for treason, when It was reso>^ (ved fbit the naiM 
of Dud Dudley of Green Lod;r<) be inserted into this>^ BBL" 
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1 with pit-coal. Dudley aays that Cromwell and II19 
I P&rliument gmnted a patent to Captain Buck for 
1 purpose i and that Cromwell himself, Major Wild- 
, and Taiious others were partners in the patent, 
■ creeled fumdees and works in the Foiest of 
Dean;" but, though Cromwell and his (.fficera could 
fi^ht and win battles, they could not amelt and forgo iron 
with pit-coaL They brought one Dagnej, an Italian 
glass-maker, from Bristol, to erect a new furnace for 
tbeni, provided witii sundry pots of glaas-houae clay : but 
tw success attended iheir eflbrtB. The partnei-s, knowing 
■<0f Dudley's possession of the grand secret, invited him to 
it their works ; but all they could draw from liim was, 
at Uiey would never succeed in making iron to profit 

- the methods they wero pursuing. They next pro- 
to erect other works at Bristol, but still they 
Major Wildman f bought Dudley's sequestrated 

1, in llie hope of being able to extort bis secret of 
matting iron with pit-coal j hut, all their attempts proving 
abortive, they at length abandoned the enterprise in de- 

• Mr. llnsliet, !n hia Paptn on Inm, myi that " bIIIioukIi he liid 
oreTuIly einmi'ieJ everv spot and relic In Denn Forest likely lo do- 
DMa tlio lite nt Dud DndlflT'* enterprising but nnfortunnte exporiment 
of niKlcinK plg-inin with pit.ciml," It hsd been without (Ucceu; neither 
could h« find any traces of the tllie operntlons of CcoinHsU und bia 
partJiBfi. 

f Du'Ilev eajs: " Mnjor Wildman, mora burbnrous lo ine Ibnii a 
Willi Kinn. ulthoa^h a ininiKter, bought the anibor't ettnte, neitr 20til. 

- -■ .11, Irilending lo coinpell from the author b'n invontiuuB of 

with pit-cole, but aflervmrdB pasfeJ my estate anto lw<p 

ttpreofLtindnn, that pulled ilnwn the auliior'* two mnn- 

. -.iM BOO llml*r tree* off lili land, and to thi> di\j- are his 
..-,.l;., i,,„=|„iired." WiWmnn hiniflelf Ifell under the Rrtp of Croin- 
Kiill. lieiiig ono of thiT chlef'a of Ihe Rcimhlican partr, he vrna saue<]' 
•1 Exton, neiir Ue.r1borough, la,lSG4, sod liapriacueJ In Gh^ivhi^ 
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spair. In 1656, one Captain Coplej obtained fiom 
Cromwell a further patent with a similar object; and 
erected works near Bristol, and also in the Forest of 
Kingswood. The mechanical engineers employed bj 
Co[)le7 failed in making his bellows blow ; on whidi he 
sent for Dudley, who forthwith ^ made hb bellows to be 
blown feisibly ** ; but Copley failed, like his predecessorSi 
in making iron, and at length he too desisted from further 
experiments. 

Such continued to be the state of things until the Res- 
toration, when we find Dud Dudley a petitioner to the 
king for the renewal of his patent. He was also a peti- 
tioner for compensation in respect of the heavy losses he 
had sustained during the civil wars. The king was be* 
sieged by crowds of applicants of a similar sort, but Dud* 
ley was no more successful than the others. He failed in 
obtaining the renewal of his patent. Another applicant 
for the like privilege, probably having greater interest at 
court, proved more successful. Colonel Proger and three 
others * were granted a patent to make iron with coal } 
but Dudley knew the secret, which the new patentees did 
not ; and their patent came to nothing. 

Dudley continued to address the king in Importunate 
petitions, asking to be restored to his former ofiices of 
Sergeant-at-arms, Lieutenant of Ordnance, and Surveyor 
of the Mews or Armory. He also petitioned to be 
appointed Master of the Charter House in Smithfield» 

* June 13, 1661. Petition of Colonel James Proger and three others 
to the king for a patent for the sole exercise of their invention of melt* 
ing down iron and other metals with coal instead of wood, as the great 
consumption of coal [charcoal?] therein causes detriment tof-hipping^ 
'&c. With reference thereon to Attorney-General Palmer, aiid hto i«> 
port, June 18, in favor of the petition. — State Fapen, ChariM IL 
'Dom.) Vol. XXXVIL 49. 
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professing Limself williug to take anything, or hold any 
living.* We find him sending in two ])etitions to a simi- 
lar effect in June, 16G0 ; and a third sliortly after. The 
result was, that he was reappointed to the oiFice of Ser- 
geant-at-arms ; but the Mastership of the Charter-House 
was not disposed of until 1662, when it fell to the lot of 
one Thomas Watson.f In 1661, we find a patent granted 

to William Qiamberlaine and Dudley, Esq., for the 

sole use of their new invention of plating steel, &c., and 
tinning the said plates ; but whether Dud Dudley was 
the person referred to, we are unable precisely to deter- 
mine. A few years later, he seems to have succeeded in 
obtaining the means of prosecuting his orifj^nal invention; 
for in his Afettilium Mortis, published in 1 GG ~), he describes 
himself as living at Green's Lodge, in StaiTordshire ; and 
be says that near it are four forges, Green's Forge, Swiiv 
Forge, Heath Forge, and Cradley Forge, where he prac- 
tises his "perfect invention.*' These forges, he adds, 
" liave barred all or most part of their iron with pit-coal 
since tlie author's first invention in 1618, which hath pre- 
served much wood. In these four, besides many other 
forges, do the like [^/c] ; yet the author hath had no 
benefit thereby to this present" From that time foi-ward. 
Dud becomes lost to sight. He seems eventually to have 
retired to St Helen's in Worcestershire, where he died 
in 1684, in the eighty-fiflh year of his age. He was 

* In hin second petition he prnys that a dwelliiig-honse, ftituatcd in 
Worcester, and belonging to one Baldwin, *'a known traitor,** may be 
•Migned to him in lieu of Alderman Na8h*R, which had reverted to that 
individual since his refirn to loytdty; Dudley reminding the king that 
bis own houfte in that city had been given up by him for the service 
of his father. Charles I , and turned into a factory for arras. It does 
Dot appear that this part of his petition was successfiil. 
State Papers, Vol. XXXI. Doqnet Book, p. 89. 
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buried in the parish church there, and a monument, now 
destroyed, was erected to his memory, bearing the inscrip- 
tion partly set forth underneath.* 

* Palvto et umbra ramui 
Memento morL 

Dodo Dudley chiliarchi nobilis Edwardi nnper domin! de Dudley 
filius, patri charas etregise Majestatis fidissimus subditns et servos in 
aftserendo regem, in vindicando ecclesiam, in propngnando legem ao 
libertatem Anglicanam, saepe captus, anno 1648, semel condemnatus 
et tameu non decollatus, renatum deuuo vidit diadflema hio inconcossa 
semper virtute senex. 

Differt non anfert mortem longissima Tita 
Sed diflfbrt multam eras hodiere mori. 
Quod nequeas vitare, fugis i 
Nee formidanda est. 

Plot frequently alludes to Dudley in his Natural History of Stafford' 
shirty and when he does so he describes him as the ^ worshipful Dud 
Dudley,*' showing the estimation in wliich he waa held by hif oon- 
temporariei. 




uitm, * miB pnuiot li 



That induatiy had a sore time of it during the civil 
wars will furtber iippear from tlie following brief account 
of Andrew Yarranton, which may be taken as a compan- 
ion memoir to that of Dud Dudley. For Yarranton also 
was a Worcesler ironmaster and a soldier, — tliough on 
tlie opposite Bide, — but more even than Dudley was he 
a man of public epirit and enterprise, an enlightened 
pnliticol economist (long before political economy had 
bfen recognized as a science), and in many respects a 
true national benefactor. Bishop Watson said that he 
OD^lit to faavo lind a statue erected to his memory be- 
cause of his eminent public eeryices ; and an able modem 
writer lias gone so far aa to aay of him that he was " the 
(bunder of English political economy, the first man in 
England who saw and said that peace was better than 
war, tlint trade was better tlian plunder, tliat honest in- 
du»Iry wa» better thim marlial greatness, and that the besl 
DCcujiatioa of a government was to secnre prosperity nt 
bome, aiid let other nations alone." * Yet the name of 
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Andrew Yarranton is scarcely remembered, or is at most 
known to only a few readers of half-forgotten books. 
The following brief outline of his history is gathered 
from his own mirratiTe and irom documents in the State 
Paper Office. 

Andrew Yarranton was bom at the farmstead of Lar- 
ford, in the parish of Astley, in Worcestershire, in the 
year 1 Gl 6.* In his sixteenth year he was put apprentice 
to a Worcester linen-draper, and remained at that trade 
for some years ; but not liking it, he lefl it, and was lead- 
in;]f a country life when the civil wars broke out. Unlike 
Dudley, he took the side of the Parliament, and joined 
their army, in which he served for some time as a soldier. 
His zeal and abilities commended him to his officers, and 
he w.'ifl raised from one position to another, until in the 
courrte of a few yeare we find him holding the rank of 
captain. '^ AVhile a soldier,*' says he, ^ I had sometimes 
the lienor and misfortune to lodge and dislodge an 
anny " ; but this is all the information he gives us of 
his military career. In the year 1G48 he was instru- 
mental in discovering and frustrating a design on the 
])art of the Royalists to seize Doyley House in the coun- 
ty of Hereford, and other strongholds, for which he re- 

• A copy of the entries in the parish register relating to the various 
members of the Yarranton family, kindly forwarded to us by the Rev. 
H. W. Cookes, rector of Astley shows them to have resided in tliat 
parish Air many generations. There weie the Yarrantons of Yarnm- 
toii, of Redstone, of Larford, of Brockenton, and of Longmore. With 
that disregard for orthography in proper names wliich prevailed some 
tlirec hundred years since, they are indifferently designated as Yarmn, 
Yarranton, and Yarrington. The name was most probably derived 
from two farms named Great and Little Yarranton, or Yarran (origi- 
nally Yarhampton), situated in the parish of Astley. The Yarrantons 
fi-equently filled local offices in that parish, and we find several of them 
officiating at difierent periods as bailifis of Bewdley. 



ASDREW TAREANTON. 

■red tbc tkuiks of Fm-liamcDt " Tor his ingeouitj, dis 
Klion, aiul valor," aad a subalatilial reword of dOO/.' 
fi also recommeuUed to the Commiltce of Worces- 
r fur further emplojtDenU But from that time we bear 
Id more of him in connection with the civil ware. Whea 
IDW«U asBumed tbo auprtime conti'ol of alTittre, Yar- 
1 retired from the army with most of the Preaby- 
Bs, and devoted himself to industrial pursuits. 
We then find him engaged in carrying on the manuflU)- 
tnre of iron at Ashley, near ISewdley, iu Worcealotshu-o. 
" In the yen? 1652," says he, " 1 entered upon iron-woi'ks, 

I [died them for eeveral years." f He made it a suh- 
f Ilia diliguat Htudy how Id provide employment for 

B poor, then mnch diBtreaaed by the late wars. With 
It of hia wife, he eslablished a manuliictiire of 
I, whieh was attended with good results. Observing 
i dtHiculties of communication, by reason of the 
B of the roads, hindered the development of the 

II natoral resources of the western counties,} ho applied 
improvement of the navigation of the larger 

i, making surveys of them at his own cost, and en- 

stimotaEe local enterprise so as to enable 

) carry Ids plana into effect. 

e thus occupied, the restoration of Charles II. took 

!, and, whether through envy or enmity, Yarranton'a 

f escited the suspicion of the authoiitiea. Hia 

meys from place to place seemed to them to point to 

• Fresbyteriim plot on foot. On the 13th of ^'< 
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ber, 1660, Lord Windsor, Lord-Lieutenant of the comity, 
wrote to the Secretary of State: "There is a quaker 
in prison for speaking treason against his Majesty, and 
a countryman also, and Captain Yarrington for refusing 
to obey my authority.*** It would appear from subse- 
quent letters that Yarranton must have lain in prison for 
nearly two years, cliarged with conspiring against the 
king's authority, the only evidence against him consisting 
of some anonymous letters. At the end of May, 1662, he 
succeeded in making his escape from the custody of the 
Provost Marshal. The High Sheriff scoured the country 
after iiim at the head of a party of horse, and then he 
communicated to the Secretary of State, Sir Edward 
Nicliolas, that the suspected conspirator could not be 
found, and was supposed to have made his way to Lon- 
don. Before tlie end of a month Yan*anton was again in 
custody, as appears from the communication of certain 
justices of Surrey to Sir Edward Nicholas.t As no fur- 

• State Paper Office. Dom. Charles II. 1660-61. Yarranton after- 
wards succeeded in making a friend of Lord Windsor, as would appear 
from his dedication of England" » Improvement to his Lordship, whom 
he tlianks for the encouragement he had given to him in his surrey 
of several rivers with a view to their being rendered navigable. 

t The following is a copy of the document from the State Papers : — 
" John Bramfield, Geo. Moore, and Thos. Lee, Esqrs. and Justices 
of Surrey, to Sir Edw. Nicholas. — There being this day brought before 
us one Andrew Yarranton, and he accused to have broken prison, or 
at least made his escape out of the Marshalsea at Worcester, being 
there committed by the Deputy-Lients. upon suspicion of a plot in 
November last; we having thereupon examined him, he allegeth that 
his Majesty hnth been sought unto on his behalf, and hath given order 
to yourself for his discharge, and a supersedeas against all persons and 
warra?it8, and thereupon hath desired to appeal unto you. The which 
we conceiving to be convenient and reasonable (there being no positive 
charge against him before us), have accordingly herewith conveyed 
him unto you by a safe hand, to be further examined or disposed of as 
you shall find meet." — 8. P. 0. Dom, Charles 11. 23d June, 1662. 



Ihcr notice of Tarranton ooeum in the State PapciH, and 
as we shortly after find liim puhlidy oiicupieil in tariying 
oat liis pliuis for improving tlie (lavigiition of the western 
rirers, it is probiilile that hia innocency of any plot was 
cstaliliGtied aOer a legal inTcatigntion, A few yeara liilcr 
B published in London a -tto tract entitled " A Full Dis- 
reiy of the First PreshyH^rian Sham Plot," which moat 
t>ably contained a vindication of hia conduct.* 
' Yairanton was no sooner at liherly tliaji we find liira 
D occupied with his plana of improved inland naviga- 
nis first Bclieme was to deepen the small river 
twarp, so as to connect Droitwich with the Severn by 
water communication, and tlius facilitate the transport 
*lhe salt BO abundantly yiuided hy the brine springs 
' that town. In 1GG5 lite burgesses of Drciilwieh 
inrrced to give him 750/. and eight salt vats iii Upwich, 
Talued at 80/, per annum, witli three quarters of a rat 
in Xorlh^vieh, for twenty-one years, in pa3'ment for the 
work. But the times were stilt unHeiiled. and, Yairanton 
and Ida jiartncr "Wall not being rich, the scheme was not 
then carried Into effect.t In the following year we find 
him occupied with a similar scheme to open up the navi< 
^ion of the river Stour, passing hy Stoiirport and Kid- 
derminster, and connect it by an ai'tificial cut with the 
river Trent. Some progreaa was made with this under- 
taking, so far in advance of the age, but, like the other, 
it came to a stimd-still for want of money, and more thau 
a hundred years passed before it wai carried out by a 
kindrtd genius, — Jamea Urindley, tlie great canal-maker. 
Idr. Chambers says iJiat when Yarronlon's scheme was 
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first brought forward, it met witli violent opposition and 
ridicule. The undertaking was» thought wondcrfullj bold, 
and, joined to its great extent, the sandy, spongy nature 
of the ground, the high banks necessary to prevent the 
inundation of the Stour on the canal, furnished its oppo- 
nents, if not with sound argument, at least with very spe- 
cious topics for opposition and laughter.* Yarranton*8 
]>lan was to make tlio river itself navigable, and by 
uniting it with other rivers, open up a communication 
with the Trent; while Bnndley's was to cut a canal 
parallel with the river, and supply it with water from 
thence. Yarranton himself tlms accounts for the failure 
of his scheme in England^s Improvement by Sea and 
Land: "It was my projection,*' he says, "and I will 
tell you the reason why it was not finished. The river 
Stour and some other rivers were granted by an Act 
of Parliament to certain persons of honor, and some pro- 
gress was made in the work, but within a small while 
after the Act passed f it was let fall again ; but it being 
a brat of my own, I was not willing it should be abortive, 
wherefore I made offers to perfect it, having a tliird part 
of tlie inheritance to me and my heirs forever, and we 
came to an agi'oement, ui)on which I fell on,/ and made it 
completely navigable from Stourbridge to Kidderminster, 
and carried down many hundred tons of eoal, and laid 
out near 1,000/., and there it was obstructf^ for want of 

money." t % 

II 

* John CnAMBERS, Biographical JUustratioru .oof WcreetterAire, 
London, 1820. • t 

t The Act for making the Stour and Salwarp iraavigable orig{nat*d 
in the Lords, and was passed in the year 1661. b* 

t Nosh, in his Uistory of Worcester, intimatesre tibat Lord Windsor 
subsequently renewed the attempt to make thel r ^alfrvp navigalito. 
He constructed five out of the six locks, and .S8^e& •bandoPBd tiM 



' Anotlter of Tarranlon's rar-sigUtcd schemes of a fliinJIxf I 
d was one to connett t!ie Tliamcs witit the Severn bj f 
1 artificial cut, nt tlie very place wliero, more I 
a a century after hie deiith, it was jiciually cniried out 
1 cngiiiuers. Tliis canal, it apjicors, kbb twice 
HUreyed under his direi^tion by Ids sou. IIu did, how- I 
ever, succeed in liie own time in opening up ihe iiaviga- ■ 
a of the Avon, and was the first to csrry barges upoB ' 
> vaterB from Tewkesbury to Stratford, 
I 'Hie improvement of agriculture, too, had a ^nre ol 
ranton's attention. lie saw tlie soil exliausted by 
■ig tillage and ronstantly repeated crops of rj'e, and he 
d that the land ehould have rest, or at least rotation 
Vcrop. "With this object ho introduced clover-aecd, and 
^plied it largely to tile fanners of the western coiinties, 
>titid tlieir land doubled in value by the new method 
of lia:?baiidry, and it shortly became adopted throughout 
^^le eounlry. Seeing how commerce waa retarded by tlie 
^^■Biill accommodation provided for eliipping at the then 
^^Eindpal porta, Yarranton next made surveys und planned 
^Bbcks for the city of London ; but though he zealously 
I RflvDeated the Bubjecl, he found few sujiportci-s, and Ida 
plnns proved fruitless. In this respect be was nearly a 
laaiidred and fiHy years before his age, and the London 

Gough, in his edition o( Ciiinifen't Bn'Intn, II. SET, Londno, 
•, uj>; " It fc not long ii»ce some of tha bonU miiilo n«i of is 
lloo** nsrigatioii were found. Neither traditioti nor otir pro- 
it of die miiltBr perfeclly ealiefy us wIit tli|a imYign- 

k Wta tMgl«et«d We niuat tlitnroro conclntle ttmt Hie iiuiiitr- 

pWoAl Witl glasi-houses upon ibe Siour, mid in Die neig1il>nrhood 

ge, did not then exist, A. D. IBUa The npivinnblo 

mniRMlOn vtiicfa now connects Trent and SeTom, Bjid 
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importers continued to conduct their shipping business in 
the crowded tidewaj of the Thames down even to the 
beginning of the present century. 

While carr}'ing on his iron-works, it occurred to Tar- 
ronton that it would be of great national advantage if the 
manufacture of tin-plate could be introduced into Eng- 
land. Although the richest tin-mines then known existed 
in this country, the mechanical arts were at so low an ebb 
that we were almost entirely dependent upon foreigners 
for the supply of the articles manufactured from the mctaL 
The Saxons were the principal consumers of English tin, 
and wo obtained from them in return nearly the whole! 
of our tin-plates. All attempts made to manufacture them 
in England had hitherto failed; the beating out of the 
iron by hammers into laminse sufficiently thin and smooth, 
and the subsequent distiibution and fixing of the film of 
tin over the surface of the iron, proving difficulties which 
the English manufacturers were unable to overcome. To 
master these difficulties the indefatigable Yarranton set 
himself to w^ork. " Knowing," says he, " the usefulness 
of tin-plates and the goodness of our metals for that pur- 
pose, I did, about sixteen years since (i. e. about 1665), 
endeavor to find out the way for making thereof; where- 
upon I acquainted a person of much riches, and one that 
was very understanding in the iron manufacture, who was 
pleased to say that he had often designed to get the trade 
into England, but never could find out the way. Upon 
which it was agreed that a sum of moneys should be 
advanced by several persons,* for the defraying of my 

* In the dedication of his book, entitled Englancti Improvement 6| 
Sea and Land^ Part I., Yarranton gives the names of the ** noble pa« 
triots " who sent him on his journey of inquiry. They were Sir Walter 
Kirtham Blount, Baronet, Sir Samuel Baldwin and Sir Timothy Bald* 
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3 of travelling to the jjIocb where these plates are J 
>, and fnim thenee to bring awny the art of makingl 
Upon which, an able tireman, that well under- 1 
A tlid nature of iron, was made choice of lo nccoinpnnf I 
; and being fitted with an ingeuious interpreter thu.t J 
iFoU understood the langunj^e, anil that had dealt much ii 
that commodity, we marolieJ (irat for Hamburgh, then to I 
Luipsic, and from llience to Di'esden, the Duke of Sax- T 
Bojr'a court, where we hail notice of" the place where the-J 

s were made ; which was in a large tra 
jioinons land, running from a place called Seger-Huttoa 1 
} a toivii cnlled Awe [Au], beiog in length about I 
rentf miles."* 
J It is curious to find how much the natiooal industry of 
Igiand has been influenced hy the existence from time | 
time of religious persecutions abroad, wliich had the 
of driving skilled Protestant artisans, more paitlcu- 
ly from Flanders and France, into England, where 
enjoyed the special protection of successive English 
and founded various important branches of 
inlaoture. But it appears from the liistory of lUe tiu 

b, En)gbt>, Thomns Foloj- nnd Philip Foley, Eniiilrea, uid >ix other 
' SRim. The rBther of the Folejs wua himaeir soppoBisd to bava 
t of Iron-splitting into Eiigliuici hy an expedient linil- 
il to lluit adopted by Ynrmtiloii lu obtulniJig a knowledge of the tin- 
M BtuiufMOWrB {Sf!/-3tlp, p. HB). Tho saorat of tha eilli-throwlng 
y of Piedmont wns in like maimer introduced into England 
w Mr- Loitibe of Uerhy, who shortly anrceeded In founding a floDi'- 
[if mnnufDutme. These were hideed the daj? of ramnnca 
itfadventare in imtnafactures. 
L* Tie district is known u llie Engebirge or Ore Mounlnins, mid 
b BlMangablrge or Giant MountBins, MncCulloch seyb lliat upwards 
■lt«| hlnulrad mines are wrought In the for^ner district, and that one 
b Df the Dutire peculation of Snxoiiy lo this dny 
mniing industry and the manurnclare of i 
— Ctographkid Dictionary, II. Si3, edition IBSJ. 
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manufactures of Saxony, that that country also had prof* 
itcd in like manner by the religious persecutions of Ger- 
many, and even of England itself. Thus we are told by 
Yiirranton that it was a Cornish miner, a Protestant 
banished out of England for his religion in Queen Mary's 
time, who discovered the tin mines at Awe, and that a 
Ilomish priest of Bohemia, who had been converted to 
Luthcranism and fled into Saxony for refuge, ^ was the 
chief instrument in the manufacture until it was perfected.'' 
Tliese two men were held in great regard by the Duke of 
Saxony as well as by the people of the country ; for their 
ingenuity and industry proved the source of great pros- 
perity and wealth, " several fine cities," says Yarranton, 
** having been raised by the riches pix)ceeding from the 
tin-works," — not less than eighty thousand men depend- 
ing upon the ti'ade for their subsistence ; and when Yar- 
ranton visited Awe, he found that a statue had been 
erected to tlie memory of the Cornish miner who first 
discovered the tin. 

Yarranton was very civilly received by the miners, 
and, contrary to his expectation, he was allowed freely to 
inspect the tin-works and examine the methods by which 
the iron-plates were rolled out, as well as the process of 
tinning them. He was even permitted to engage a num- 
ber of skilled workmen, whom he brought over with liim 
to England for the purpose of starting the manufacture in 
this country. A beginning was made, and the tin-plater 
manufactured by Yarran ton's men were pronounced of 
better quality even than those made in Saxony. " Many 
thousand plates," Yarranton says, ** were made from iron 
raised in the Forest of Dean, and were tinned over with 
Cornish tin ; and the plates proved far better than the 
German ones, by reason of the toughness and iiexibleness 
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«f our fbrest iron. One Mr. Dison, a tinman in Worces- 
ter, Mr. Ljdiate near Fleet Bi-idge, and Mr. Harrison 
near the King's Bench, have wrought many, and know 
their goodness.'* As Yarranton's account was written and 
published duiing the lifetime of the parties, there is no 
reason to doubt the accuracj of his statement 

Arrangements were made to carry on the manufacture 
upon a large scale ; but the secret having got wind, a pa- 
tent was taken out, or '^ trumpt up," as Yarranton calls 
it, for the manufacture, ^ the patentee being countenanced 
by some persons of quality," and Yarranton was precluded 
from carrying his operations further. It is not improba- 
ble that the patentee in question was William Chamber- 
laine, Dud Dudley's quondam partner in the iron manu- 
facture^* "Wliat with the patent being in our way," 
says Yarranton, ** and the richest of our partners being 
afraid to offend great men in power, who had their eye 
upon us, it caused the thing to cool, and the making of 
tMb tin-plates was neither proceeded in by us, nor possibly 
could be by him that had the patent ; because neither he 
that hath the patent, nor those that have countenanced 
him, can make one plate fit for use." Yarranton's labors 
were thus lost to the English public for a time ; and we 
continued to import all our tin-plates from Germany until 
about sixty yeai* later, when a tin-plate manufactory was 
established by Capel ITanbury, at Pontypool in JMon- 
mouthshire, where it has since continued to be successfully 
carried on. 

We can only briefly refer to the subsequent history of 
Andrew Yarranton. Shortly after his journey into Sax- 

* Chamberlaine and Dudloy*8 first license was granted in 1661 for 
lilAting steel and tinning the said plates, and Chamberlaine* s solo 
patent for ^ plating and tinning iron, copper, &c.," was granted in 
1678, probably the patent in question. 
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onj, he proceeded to Holland to examine the inland nav- 
igations of the Dutch, to inspect their luien and other 
manufactures, and to inquire into the causes of the then 
extraordinary prosperity of that country compared with 
England. Industry was in a very languishing state at 
home. " People confess they are sick," said Yarrantoo, 
''that trade is in a consumption, and the whole na- 
tion languishes." He therefore determined to asoertain 
whctlicr something useful miglit not be leamt from the 
example of Holland. The Dutch were then the hardest 
working and the most thriving people in Europe. They 
were manufacturers and carriers for the world. Their 
fleets floated on every known sea; and their herring- 
busses swarmed along our coasts as far north as the 
Hebrides. The Dutch supplied our markets with fish 
caught witliin sight of our own shores, while our coasting 
population stood idly looking on. Yarranton regarded 
this state of things as most discreditable, and he urged the 
establishment of various branches of home industry as the 
best way of outdoing the Dutch without fighting thenL 

Wherever he truvelled abroad, in Germany or in 1163 
land, he saw industry attended by wealth and comfbr— 
and idleness by poverty and misery. The same pursuit 
he held, would prove as beneficial to England as th^ 
were abundantly i)roved to have been to Holland. TM 
healthy life of work was good for all, — for individuals 
for the whole nation ; and if we would outdo the Dutcs 
he held that we must outdo them in industry. But « 
must be done honestly and by fair means. " Comrac 
Honesty," said Yarranton, " is as necessary and needLfo 
in kingdoms and commonwealths that depend upon Tnulc^ 
as discipline is in an army ; and where there is want o£ 
common Honesty in a kingdom or commonwealth, fvom 
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Iknce Trade shaU depitrt For as the Honest}^ of all 
IDvemmeats is, so aliall be thdr Bicbes ; and as tlieiv 
llonor, Ilooestj-. and Riulics are, so "■ill be their Strength! 
tad as their Honor. Honesty, Iticbea. and Strength are, 
i> will be (heir Trade. These are five sisters that go 
1, und must not be partei]." Admirable sen- 
a, which are as true Uovr as thej were two hundred 
A ago, when Yurrantun urged them upon the attention 
6 English iinblic 
ik Us return fiom Tlolland, lie atcordingl; set on loot 

■ sriiemee of public utility. He stirred up a 
|l for ihe eflcouragctnmit of the British fisheries. He 
R Mvetnl journeys into Ireland for the purpose of 
ingtiew mannfhetures tliere. He snrveyed the River 
k vith tiiB oliject of rendering it navigable, and pro- 
i a plan ibr improving the barhor of Dublin, He 
I'tyocl the Dee, in England, wilh a view to its being 
Wnncrted with the Severn. Chambers says tliat on the 
'^ccliue of Ilia jiopuluri^ in 1G77, he was taken by Lord 
ClarmidoD to Salisbury to survey the River Avon, and 
Bw IhiLl river might be made navigable, and aUto 
I safe harbor for ships could he made at Chriat- 
1 tliat havii^ foimd where he thought safe 
e might be ol>tained, his Lordsiiip proceeded to 
D Y>rranton'9 recommendations.* 

;rof his grand schemes was the establishment of 

ft nanufBclure in the central counties of England, 

R showed, were well adiipted for the growth of 

It Mid Im enlvuhited that if suecess attended hia ef- 

Pb-Bl lonat two millions of money then sent out of the 

f for ihe purdiiise of foreign linen would be re- 
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tained at home, besides increasing the Talne of the land 
on which the flax was grown, and giving remunerntiVe 
em[)lo}'ment to our own piH>ple, tlien emigrating for want 
of work. "Nothing but Sloth or Envy," he said, "can 
possibly hinder my labors from being crowned with the 
wished-for success; our habitual fondness for the one 
hath already brought us to the brink of ruin, and our 
proncness to the other hath almost discouraged all ploos 
endeavors to promote our future happiness.'' 

In 1677 he published the first part of his England^M 
Improvement hy Sea and Landy — a very remarkable 
book, full of sagacious insight as respected the fbture 
commercial and manufacturing greatness of England. 
Mr. Dove says of this book that Yarranton " chalks out 
in it the future course of Britain with as free a iiand as 
if second-sight had revealed to him those expansioDS of 
her industrial career which never fail to surprise us, even 
when we behold them realized.'* Besides his extensive 
plans for making harbors and improving inteiHal naviga- 
tion with the object of creating new channels fbr domestie 
industry, his schemes for extending the ir^ and the 
woollen trades, establishing the linen manujfacture, and 
cultivating the home fisheries, we find him throwing out 
various vahiable suggestions with reference ito the means 
of facilitating commercial transactions, some of which 
have only been carried out in our own day. One of his 
grandest ideas was the establishment of a public bank, 
the credit of wliich, based upon the security of freehold 
land,* should enable its paper " to go in trade equal with 
ready money." A bank of this soil formed one of the 

* Yarranton's Land Bank was actually projected In 1695, wid 
received the sanction of Parliament; though the Bank of EnglamJ 
(founded in the preceding year) petitioned against it, and the Eohant 

was dropped. 



Itrincipol menns tiy whidi the Tfaieh had been enahled to | 
utend thoir conuuercial Iransnclions, nnd Yarranton 

Burflinglj' urged its introduction into England. PoJt of 
liiB scheme consisted ot' a voluntary register ol' real prop- 
•rty, for llie piirpoBe of effeL-ting simi)liuity of title, and 
irlitaining rcliyf from the cxruasiTe charges for law," aa 
mill B3 enabling money to be readily raised for commer- 
daJ pufposes on security of the land registered. 

lie pointed out very grapiiically the ati-aits to wliich a 
maa in put whu ia possessed of real property enough, but 
in a lime of presBure is unable to turn liimself round for 
■ani uf ready cash. " Then," aaya he, " all his creditors 
mnvd to him as pigs do through a hole to a bean and 
pense i-iclt." " la it not a sad thing," lie asks, " that a 
golibmitli's boy in Lombard Street, who givea notes for 
■he mnneys handed him by the mercliants, should take up 
more moneys upun bis notes in one day than two lords, 
fbiir knights, and eight esquires in twelve months upon all 
their personal aeeuritiea ? We are, as it were, cutting off 
onr legs and ai'jus to see who will feed the trunL But 
W cannot expect tliis from any of our neighbors abroad, 
! Interest depends upon our loss." 
3 therefore proposed his registry of property as a 
tiy means of raising a credit for pur|iose3 of trade. 
I, he Bays. " I can both in Kiigliuid and Wales regis- 
[ toy wedding, my buiial. and my christening, and a 
r parish-clerk is intrusted witli the keeping of the 
fc> and that wliich is registered there is held good by 
aw. But I cannot register my lands, to bo honest, to 
9very man his own, to prevent those sad things that 

b i* Interuling lo note In ptusing Ibnl pari af Y&rranton's gotaome 
' nMf b«en ciuriod Into •■ScH by the Al'I (35 snd IS Viol. o. U) 
"h len for tlie Regiitntlon ot Real EsUtM, 
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attend families for want thereof, and to liaye the great 
benefit and advantage that would come thereby. A regis- 
ter will quicken trade, and the land registered will be 
equal as cash in a man's hands, and the credit tliereof 
will go and do in trade what ready money now dollk'' 
His idea was to raise money, when necessary, oa the land 
registered, by giving sccunty thereon after a fimn widdi 
he suggested. He would, in fact, have made land as gold 
now is, the basis of an extended currency ; and he rightly 
held that the value of land as a security must always be 
unexceptionable, and superior to any metallic basis thai 
could possibly be devised. 

This indetiitigable man continued to urge his varioiiB 
designs upon the attention of the public until he 'was fat 
advanced in years. He professed that he was moved to 
do so (and we believe him) solely by an ardent love for 
his country, ^ whose future flourishing," said he, '^ is the 
only reward I ever hope to see of all my labors." Yar- 
ranton, however, received but little thanks for his persis- 
tency, while he encountered many rebuf&. The public^ 
for the most part, turned a deaf ear to his entreaties ; and 
liis writings proved of comparatively small avail, at least 
during his own lifetime. He experienced the lot of many 
patiiots, even tlie purest, — the suspicion and detraction 
of his contemporaries. His old political enemies do not 
seem to have forgotten him, of which we have the evi- 
dence in certain rare '* broadsides " still extant, twitting 
him with the failure of his schemes, and even trumping 
up false charges of disloyalty against him.* 

* One of these is entitled " A Coffee-house Dialogue, cr a Disooime 
Detweea Captain Y— — and a Yonng Barrister of the Middle Temple; 
with some Re6ectionft upon the Bill against the D. of Y.** In thSa 
broadside, of S/^ pages folio, published about 1879, YanarlfiD is made 



n>BEW VAHRAKTOX. 

In 1 &91 he publialied tbe ee«>nd part of Eiifffand't Im- 
frvtment,* in which ho gave a aummary account of its 
n limited groivtha and manufactures, pointing onl that 
glaed and Ireland were tlie only northern kingdoms 
Aintng unimproved ; he re-urged the b^nefita and ne- 
tKtj of % Tolantmy register of refti property ; pointed 
it R metlKMl of improving the Royal Navy, lessening tJio 
■ing power of France, and establishing home lisher- 
■ii proposed the securing and fortifying of Tangier ; 
] a plan for preventing firea in London, and re- 

e DakBor York't excluaiaa from thi thrDna,nat oolybe- 
ms a papist, but for gravar reniana tlinn he dnre express. 
» MlltTllcnu pamphlet, entitled " A Word WIrhnnI Doors." wits 
id U. him- yemaMn. or hii friends, replisil lo ths BisC 
a fulio or Ivo pigea, eatitled " The Coffee-hoiiRe Ulalugue 
1 and RefntlHl, by Bomo Neighbora in the Cuuntry, well- 
S to Ore King^m'i interest." The controveny wus Ibllowed 
■J " A OoMnmetlDB af tbe Coffbe-botue Dialogue," in wliicli the 
■fJntarlMUlai hlu Yarr&nton rather hard for Iha mlBcarriage uT bit 



"Ik, 



rojoi 



ill charge to meke a river nuTigable, and it has cost tbe 
(rtoCOB kbont eix times a* macb, and ia not yet effective; nor eiui 
D (alionolly predict when it will be. 1 kmv sinca yon left 
>oD UDdertoak it, and lliii winter shnmBrully ]el\ liis unitcr- 
■ Tarrantoirs friends Immediately replied in b four-page folio, 
"Knghnd"* linprovement* Justifled; and the Author tberwif, 
n Y,. vindicatod from the Scandals la a paper DaUtrl a CofTee- 
!• pialOfn^i with some Anlmndverjiooi upon the ropub I>esii(ni 



r says 1 



wilbou, 



le privity or 



n oT Yarrantoti, but declares tbe dialogue to he a forgBry, i 
Ik 11m vllagBd eonlbrenca never Wok ptaca. " Hi> innuecnca. when 
I or it, <'ii]y provoked a smile, nith tbis answer, :^(tsnfeiciia^ 
HiliQOtis must parish, and are Boouest destroyed by contempt ! so 
Itlia Decl» no (Hrtlier vliidicalion." The writer IhBO procoeda at 
n bnith to vlniHuUe the Caplain'a flunooe work aai) the prapotl' 

Id in it. 

i 'pUl *reik [esreaially vitbtbft plates] iaBKceulvelyrer*. Tbera 
%taf3<iT It, Id perfect cunditioo, In tbe Grenrille Library, BritUk 
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ducing the charge for maintaining the Trained Bands; 
urged the formation of a harhor at Newhayen in Sussex ; 
and, finally, discoursed at considerable length upon the 
tin, iron, linen, and woollen trades, setting forth various 
methods for their improvement. In this last section, 
ailer referring to the depression in the domestic tin trade 
(Cornish tin selling so low as 70s. the cwt.), he suggested 
a way of reviving it. With the Cornish tin he would 
combine '^ the Roman cinders and iron-stone in the Forest 
of Dean, which makes the best iron for most uses in the 
world, and works up to the best advantage, with delight 
and pleasure to the workmen." He then described the 
history of his own efforts to import the manufacture of 
tin-plates into England some sixteen years before, in 
which he had been thwarted by Chamberlaine's patent, 
as above described, — and offered sundry queries as to 
the utility of patents generally, which, says he, " have the 
tendency to drive trade out of the kingdom." Appended 
to the chapter on Tin is an exceedingly amusing dialogue 
between a tin-miner of Cornwall, an iron-miner of Dean 
Forest, and a traveller (himself). From this we gather 
that Yarran ton's business continued to be that of an iron- 
manufacturer at his works at A.«hloy near Bewdley. 
Thus the iron-miner says, "About twenty-eight years since 
Mr. Yarranton found out a vast quantity of Roman cinders, 
near the walls of the city of Worcester, from whence he 
and others carried away many thousand tons or loads up 
the river Severn, unto their iron-furnaces, to be melted 
down into iron, with a mixture of the Forest of Dean 
iron-stone ; and within one hundred yards of the walls of 
the city of Worcester there was dug up one of the hearths 
of the Roman foot-blasts, it being then firm and in order, 
and was seven foot deep in the earth ; and by the side o£ 




AXDRliW YARGANTOS. 

I mirk thei-e was ibunJ a pol of Koinan coin to Uis 

atitj of a peek, Borae of wliich wns iiroaenteil t 
Ifftn.] Dugilale, and pait thereof is now in tlie King's 

^lit ibo same year (1681) in wliith tlie second part 
"£nglaiid's Improvement" appeared, Yai'ranton pro- 
led to Dunkirk Ibr tlie purpose of making ii porHOual 
■vey of Ibat port, tiien bclotiging to En{,'l;iiid ; and on 
I be published a map of tbe lown, hiii'lror, and 
castle on the eeo, with accompanying letter-press, in whi^^h 
tiH recommended, tor the safi'ty of Briliab trailu, llio de- 
molition of tlie fortifications of Dunkirk before ihey wei 
con>|ilelcd, which he held would only be for tbe purpose 
of llii:!r being pirrjsoned by tbo French king. His " Full 
Dbcovery of tlie First I'lesbyteruin Sbam Plot" was 
puUlisbed in the same year ; and from that time nothing 
further ia known of Andrew Yarranton. His na 
bia writings have been alike ncorl)' forgotten ; and, 
though Bishop Watson declared of liim tliat he deserved 
to lijive a stiitue erected to hia memory as a great public 
beucfactor, wo do not know that he v 

I witli a tombstone ; Ibr wo have been unable, al^r 

iful in(|iiiry, to discover when and where he died. 

^■muiton was a man whose views were far in advance 

The genenilion for whom he labored and 

)te wero not rijio for iheir reccptiog and realization 

I bu voice sounded among the people like that of ont 

jing in the wilderness. But though liis exhortations U 

InOimtry and bia largo plans of national imjjroveraent 

liulud tu work thcmaclvca into realities in his own time, 

• I>r. Xivih. ill his irisioyy nf WorcalirAirt, liiu tlirown ftome douoW 
vpon llili ttoryi l>u( Sir. Green, in bi« Iliilorical Aiilh/vilUi ut t)ie 
diy, luia mnila & muat kbts dareace of YftmuibHi'a lUtomeDt (Vul. 1. 
■t in fuotuotej. 
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he broke the ground, he sowed t^ seed, and it m 
that even at this day we are in some degree reapin 
results of his Libors. At all events, his books sdll li 
show how wise and sagacious Andrew Yarranton 
beyond his contemporaries, as to the trap methods i 
tablishing upon solid foundatioiis the indoitnal fpvoq 
of England. 



CHAPTEB V. 



ItnitOOKDALE iKON-'WoRltS. — TllB 
RbTIIO LOSES. 






-o/lBSl. 



B Dodlet's invention of smelting iron with eoka 

r pk-coal was, like many others, l»rn beiQi-e its 

It was neither Hppreciated by the ironmasters nor 

e workmen. All schemes for smelting ore with any 

tr faet than charcoal oiatle from wood wer^ regarded. 

■ incredulity. Aa for Dudley's Metaliain Murtia, aa 

10 spcciiiciition, it reveiiled no secret ; and 

; author died, his B«ci-ot, whatever it might bo^ 

th hinn. Other improvements vrere douSstless 

y before tlie invention could be turned to mefuL 

Thus, until a more powerful bloving-fumacB' 

J contrived, tlie production of pit-coal iron must 

irily Lave been limited, Dudley liiuMeli' does not 

n lo have been ali)e to make more on an arernge than 

I week, and seven tons ai, the outside. Nor 

p tba iron so good as that ina:de by charcoal ; for it is 

» hai-c been especially liable to deterioration 

ihureous fumes of the cool in the process of 

■u&cture. 

1 hia " History of Staffordshire," speaks of 
it mode by one Dr. Ulewstonc, a High Gar- 
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man, as "the last effort" made in ttiat county to amelt 
iron ore with pit-couL He is said to have "built his fur- 
nace at Wednesbury, ao ingeniously contrived (that only 
the flame ol' the coal should come to the ore, with several 
other conveniences), tliat many were of opinion he would 
succeed in iL But experience, that great bafiler of speo- 
utalion, showed it would not be ; tliat sulphureous vitri- 
olic sleama that issue from the pyrites, which frequently, 
if not always, accompanies pit-coiJ, ascending with the 
flame, and poisoning tlia ore sufflcienlly to make it render 
much worse iron than that made with charcoal, though 
not perhaps so much worse as the boily of the coiil itself 
would possibly do." " Dr. Plot docs not give the ytser in 
which this '■ last effort " was made ; but as n-e Bfljil that 
one Dr. Frederic do Bleweton obtained a pa (cnt from 
Charles II. on the 25th Outober, 1 677, for " i , new Biid 
effectual way of melting down, forging, extra ciing, and 
reducing of iron and all metab and minerals w |ib pil-coal 
and seft-«oal, as well and effectually as ever hat iivelbeen 
done by charcoal, and with nmch less charge '< and as 
Dr. Plot's History, in which he makes men' lijn of HiO 
experiment and its failure, was published in 
obvious that tho trial must have been mai.' 
those years. 

As the demand for iron steadily increased ^j|]| the ift' 
creasing population of tho country, and as il ^ BtiU|>'7 °^ 
timber for smelting purposes was diminishi , from year 
to year, England was compelled to rely m< ^i mora 

upon foreign countries for its supply of i^ufsdnf'.'^ 

iron. The number of English 'foi-gcs raj' y|. duinJlei 
and the amount of the home production be .m insig^'fi" 

cnnt in comparison with what was import! ifmoiaiiroftA 

• J>r. PiOT, Xabiral Hiita-y of Si-f'iedMrt, M 



lion of luO 




S-W0EK3. 

1, writing in 1G76, Bpoaks of " the many iron- 
t laid down in Kent, Sussex, Surrey, and in tlie 
b nf Kngland, because the iron of SiveaJlaiiU, Flan- 
B, snd Spain, coming in 80 clieap, it caimot be maile lo 
t here." Tiiere were many persons, indeed, wLo 
Id ttiat it was better we should be supplied tvith 
ID Spitin tlmn make it at liome, in consequence of the 
I of wood involved by the raaniifacture ; but 
net this view Yarranton strongly contended, and held, 
I as true no\y as it was then, that the manufacture 
I was (he keystone of England's industiiul proa- 
He aUo npprelicnded great danger to the coun- 
i from want of iron in event of the contingency of 
Kign wnr. " When the greatest part of the iron- 
," said he, " if there should be occasion 
Wfftei quantities of gans and bullets, and other aoria 
■inn eommodilies, for a present unexpected war, and 
pSoond happen to be locked up, and so prevent iron 
ping to US, truly we should then bo in a fine case 1 " 
Iwitbatandiiig these apprehended national perils 
J from the want of iron, no Btc|)S seem to have 
' *'!eu taken lo supply the deficiency, either by planting 
^'oods on It large scale, as reeommendud by Yarranton, 
f \ij other methods; and the produce of English iron 
Rtlnued Blendily to decline. In 1720-30 there were 
1 only tea furnaces remaining in blnst in the whole 
est of Dunn, where the iron-smelters were satisfied 
b working op mei'cly the cindere left by the Romans. 
irritor of ibc tiene states lli^it we then bought between 
d three buudj-cd thuiisnnd pounds' worth of foreign 
n yearly, and ilmt England wiis the best 

C for Swedish and Russian iron.* By the middle 

d Naafalion of Grtat Srilam 



I 
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of the eightceDth century the home manafacture had ab 
much fallen off, that the total production of Great Biitaiii 
is supposed to have amounted to not more than eighteen 
thousand tons a year ; four fiflhs of the iron used in ths 
country being imported from Sweden.* 

The mora that the remaining ironmasters became strait- 
ened for want of wood, the more they were compelled to 
resort to cinders and coke made from coal as a substituiek 
And it was found, that, under- certain circumstances, tUs 
fuel answered the purpose almost as well as charcoal of 
wood. The coke was made by burning the coal in heaps 
in the open air, and it was usually mixed with coal and 
peat in the process of smelting the ore. Coal by itself 
was used by the country smiths for forging wheneveir 
they could procure it for their smithy fires ; and io the 
midland counties they had it brought to them, som/Btimet 
from great distances, slung in bags across horses' backa ; 
for the state of the roads was then so execrable as no^ 
to admit of its being led for any considerable distance in 
cai-ts. At length we arrive at a period when coal seems 
to have come into general use, and when necessity led to 
its regular employment, both in smelting tlie ore and in 
manufsicturing the metal. And tiiis brings us to the 
establishment of the Coalbrookdale works, where the 
smelting of iron by means of coke and coal was first 
adopted on a large scale as the regular method of maaqr 
facture. 

♦ When a bill was introduced into Parliament, in 1760, with t^^e 
object of encouraging the importation of iron from onr American 
coIonltM, the Sheffield tnnners petitioned against it, on the ground 
that, if it passed, English iron would be undersold; many forgM 
would consequently be discontinued; in which caae the timber uaad 
for fuel would remain uncut, and the tanners would thereby be d» 
priT«d of bark far the pnrposes of thoir tradet! 



I.Abrabaiii Uarby, the firat of a succession of iron mao' 
who bove tlie saino name, was the son of t 
Aumer residing at Wrensnest, ncir Du<li(^y. He served 
an apprenticeship to a maker of mall-kihis Dear Binning- 
ham, ai\er which he nuurieil and remoieil to Bristol ia 
B700, ta begin business on his own account ladusti-y ii 
r nU politics and religions ; thus, Dudlej woe a Roj'ulist 
1 a Cburchman, Yarranlon was a Parlinmenlariun b 
Fntbyteriiu), and Abndiain Dorbj was a Quaker. 
pstol be was joined by three partners of the eame per- 
, who provided the nccesEury capital to ennble 
> Mt up works at Baptist Mills, near that dtj, 
i he carried on the bnsiacas of malt-null muking, 
pwhicb he aAerwards added brass and ircm founding. 
At tliat period (»at-in>a [wts weie in very general use, 
ning the principal oooking utensils of the working 
The art of casting had, howevei*, mnde such small 
s id £ngknd that the pots were ibr the most purt 
I fi-om abroad. Darby resolved, if poasihle, 1 
aa this lucratire branch of manufacture ; and be 
I make a number of experiioenta in pot- 
Like others who had preceded him, he made 
El first moulds of clay ; hut tlicy (.'racked and burst, and 
1 trial tailed afler another. He then determiHed to 
1 out the true method of manufacturing the pota, by 
ing into the country from whence the best wi 
n order to master the grand seorei of the trade. 
1 this object, he went over to Holland in the year 
ijOfi, and, after diligent inquiry, he aaccrlwned that the 
e method of casting *' Hilton ware," as such caat- 
t i(ere tlien colletl, was in moulds oi' 6oe, dry sand. 
) tlie whole secret 
(DRiiug to Bnistol, accompanied by some Ekilled 
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Dutch workmen, Darby began the new manufacture, and 
succeeded to his satisfaction. The work was at first car^ 
i*ied on with great secrecy, lest other makers should copj 
the art ; and the precaution was taken of stopping the key- 
hole of the workshop door wliile the casting was in pro- 
gress. To secure himself against piracy, he proceeded to 
take out a patent for the process in the year 1708, and it 
was granted for the term of fourteen years. The redtai 
of the patent is curious, as showing the backward state of 
English iron-founding at that time. It sets forth that, 
" whereas our trusty and well-beloved Abraham Darby, 
of our city of Bristol, smith, hath by his petition humbly 
represented to us, that by his study, industry, and ex- 
pense, he hath found out and brought to perfection a new 
way of casting iron bellied pots and other iron bellied 
ware in sand only, without loam or clay, by which such 
iron pots and other ware may be cast fine and with more 
ease and expedition, and may be afforded cheaper than 
they can be by the way commonly used ; and in regard 
to their cheapness may be of great advantage to the poor 
of this our kingdom, who for the most part use such ware, 
and in all probability will prevent the mercluints of Eng- 
land going to foreign markets for such ware, from whence 
great quantities are imported, and likewise may in time 
supply other markets with that manufacture of our do- 
minions," &c " grants the said Abraham Darby the 

full power and sole pnvilege to make and sell such pots 
and ware for and during the term of fourteen years 
thence ensuing." 

Darby proceeded to make arrangements for carrying 
on the manufacture upon a large scale at the Baptist 
Mills ; but the other partners hesitated to embark more 
capital in the concern, and at length refused their concur- 



THE COA5.BR00KDA] 

Detennined not to be balked in his enterprise, 

tby olitinduncd. llie Bristnl firm, and in tlio ^ear 1709 

K>vcd to CoRlbrookckle in Sliropshire, with the in* 

D of prosecuting the enterprise on Lis own iiccount. 

■ took the lease of a little furnace which had existed at 

■ |ilace for more than a century, as the records exist of 
pcnictho" or "smeth-house" at Coalbrookilale in the 

Q of tile Tudoi-s. The woods of oak anil liosel which 
i time filled the beautJiiil dingles of tlie dale, and 
I in almost a continuous forest to the base of the 
in, furnished abundant fuel for the smilbory. As 
^ trade of the Conlbrookdale finu extended, these woods 
e cleared, until the same scarcity of fuel began to 
Bexpcrienced lliat liad already desolutod the foitats of 
KX, and hrouglit the manufacture of iron in that quar- 
o a stand-atill. 
It appeara from the " Blast Furnace Memorandum 
Book" of Abi'aliam Darby, which we have examined, 
tliat tlie make of iron at the Coalbrookdale foundory, in 
1713, varied from five to ten tons a week. The princi- 
pal firtiflcB cast were pots, kettles, and other " liollow 
ware," direct from the emelting-fumace ; the rest of the 
metal was run into pigs. In course of time wo find that 
other castings were turned out : a few grates, smoothing- 
irons, door-frames, weights, baking- plates, cart-bushes, 
iron pestles and mortars, and oci:asioiially a tailor's goose. 
The trade gradually increased, until we find as many as 
^^jw hundred and fifty pots and kettles cast in a week. 
^^B^IIie fuel used in the furnaces appears, from the Darby 
^^^BmurKndum-Itook, to have been at first entirely char- 
^^^hll but the growing scarcity of wood seems to have 
" pBduiilly led to tlie use of coke, brays or small coke, and 
peat An abundancv of coals existed in the neighbor- 
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hood : by rejecting those of inferior qualify, and ooidbsg 
the others with great care, a oombuatible was obtained 
better fitted even than charcoal itself for the iusioa ef 
that particular kind of ore which is found in tke em^ 
measures. Thus we find Darby's most fieiTorile charge 
for his furnaces to have been five baskets of ooke» two of 
brays, and one of peat ; next followed the ore, and then 
the limestone. The use of charcoal waa gradually given 
up as the art of smelting with coke and brays improved^ 
most probably aided by the increased power of tte 
furnace-blast, until at length we find it entirely disecm- 
tinued. 

The castings of Coalbrookdale gradually acquired a 
reputation, and the trade of Abraham Darby oontinued 
to increase until the date of his death, wludi oociUTed 
at Madeley Court in 1717. His sons were too young at 
the time to carry on the bu»ness which he had so auo- 
cessfully started, and several portions of the works were 
sold at a serious sacrifice. But when the sons had grown 
up to manhood, they too entered upon the boaiaess of 
iron-founding ; and Abraham Darby's son and gvandson, 
both of the same name, largely extended the eperationa 
of the firm, until Coalbrookdale, or, as it was popalarlj 
called, ^ Bedlam," became the principal seat of one of 
the most important brandies of the iron trade. 

There seems to be some doubt as to the precise tiraa 
when pit-coal was first regularly employed at Coalbrook- 
dale in smelting tlie ore. Mr. Scrivener says, ^ Fil-eoal 
was firat used by Mr. Abraham Darby, in his furnace at 
Coalbrookdale, in 1713 "; * but we can find no oonfinni^ 
tion of this statement in the records of the Companyi 
It is probable that Mr. Darby used raw coal, as was dona 

* Eitlorif o/tKe Inm Tradt^ p. M. 



e F(>rest of Dean at the » 



idebiing tVie 



; but it woulJ a 



• in the process 
1 appear from hia oi 
da tliat coke only was used in the proeess of 
We inrer from oilier circmnslanoca that pit- 
not emplojed for the Idtter purpose until a 
hij later period. The merit of its introiluction, 
9 successful use in iron -smelting, is due to Mr, 
I Ford, who hud married a dangliter of Ahriiliam 
',Kad managed the Coalbrookdale works in 1747. 
1 paper by the Rev, Mr. Manon, Woodwanlian Pro- 
r at Cambridge, ^ven in tlie " Pfailosophiail Trans- 
«" for ttiat 7ear,t the first account of its successful 
employment is slated as follows: " Several attempts have 
been made to run iron-ore with pit-coal ; ho (Mr. Mason) 
thinks it has not succeeded anywhere, as we have had no 
account of its being practised i but Mr. Ford, of Coal- 
brookdale in Shropshire, from iron-or« and coal, both got 
in the same dale, makes iron brittle or lough as he pleases, 

■a Mr, Powle'8 accDnnt of the Iron Works in the Forest of Dean 
■-T8), to the PbitoK^aicnt TmnsacSem,, Vol. 11. p. fI8, hIib™ ha 
t:*Ait*rtliey liavs poumled their ore, the[r titst Kork is IvcHlcini 
|l k dene in liilni, innch after \he rusjiioii or ordinary Ihne- 
TbeiG Ihej fill np to the top with coril niiil ire, alniium »iy.o- 
a, until it be full : and eo retting fire to lh« lioilom, Ihey let it 
bm IhB ccwl be Haite<1, tai'i ttisn imew the kilns with freih »•« 
P iNSl. Iti the Mine tniinnsr as before. This ia dune nithout (luioa 
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there being cannon thus cast so soft as to bear turning 
like wrought-iron." Most probably, however, it was not 
until the time of Richard Reynolds, who succeeded Abra- 
ham Darby the second in the management of the wotks 
in 1757, tliat pit-coal came into large and regular use in 
the blasting-furnaces as well as the fineries of Coalbrook- 
dale. 

Richard Reynolds was bom at Bristol in 1735. His 
parents, like the Darbys, belonged to the Society of 
Friends, and he was educated in that persuasion. Being 
a spirited, lively youth, the ''old Adam" occasionally 
crop[)ed out in him ; and he is even said, when a young 
man, to have been so much fired by the heroism of the 
8oldier*s character that he felt a strong desire to embrace 
a military career ; but this feeling soon died out, and he 
dro})pcd into the sober and steady rut of the Society. 
After serving an apprenticeship in his native town, be 
was sent to Coalbrookdale on a mission of business, w^here 
he became acquainted with the Darby family, and shortly 
after married Hannah, the daughter of Abraham the sec- 
ond. He then entered upon the conduct of the iron and 
coal works at Ketley and Horsehay, where he resided for 
six years, removing to Coalbrookdale in 17G3, to take 
charge of the works there, on the death of his father- 
in-law. 

By the exertions and enterprise of the Darbys, the 
Coalbrookdale Works had become greatly enlarged, giv- 
ing remunerative employment to a large and increasing 
population. The firm had extended their operations far 
beyond the boundaries of the Dale : they had established 
founderies at London, Bristol, and Liverpool, and agencies 
at Newcastle and Truro for the disposal of steam-engines 
and other iron machinery used in the deep mines of those 



TTatt had not yet perfected Lis steara-eagiDe t 1 
f Lbei4 was a consiilerable demand for puinping-eDgiiii 
N«HCOineD's canslniction, niaiiy of which wera miiile 
iho CoEilbrookdaJe Works. Tlie tiicreaHiDg demand for i 
i ^re an impetaa to coal-mining, which, in its turn, 
mulated inrcnlors in tlietr improvement of tho power 
f tlie ateam-engine ; for the coal couU not he worked 
Idclcif and advaiiLigeousI}' unless the pits could he kept 
r of water. Thus one invention etimuhitea another; 
1 wbon tlie ateam-engine had been perfected by Watt, 
1 etiable<l powerful-blowing apparatus to be worked by 
) agpDCy, we shall find that the production of iron by 
19 <tf pit-coal bcitig rendered cheap and expeditious, 
I became enormously inrreosed, 
We are informed that it was while Richard Iteynolds 
1 charge of tlie Coulbrookilale works that a further 
uit improvement was effected in tlio manufacturo 
1 by pit-coal. Up to tliis time the conversion of 
1 OP cast-ii-on into malleable or bar-iron bad been | 
A enUrely by meiina of charcoal. The process was 
L a fire called a finery, somewhat like tliat of 
ge ; the iron being exposed to the blast of 
fVil bellows, and in constant contact with the fuel. 
itho first process of fusing the iron-stojio, coal liad been 
d fcr some time with increasing success i but the ques- I 
a RToae, wbellier coal miglit not also he used with effei.'t i 
I tlie second or refining stage. Two of the foremen, I 
I Cmnege, suggested to Mr, Reynolds that tliia ' 
[lit be performed in what is calleil a reverberatory 
D which the iron ehould not mis with the coal 

k Itowrtwmtoiy. «i enllert beonnae the flnme or current of hi 
hiel Is eansed w be reverberated or reflKoted > 
ance iiiiiler opemtiou berore piuaiiiK inia tba chin 
pb endoui tlial Uurainon, la hia IVcuttH of MtbilSca cf J61J 
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but be heated solely by the flame. Mr. Reynolds greallf 
doubted the feasibility of the operation, but be anthorixed 
the Craneges to make an experiment of their prooew, the 
result of which will be found described in the following 
extract of a letter from Mr. Reynolds to Mr. TliCMnaB 
Goldney of Bristol, dated ^ Coalbrookdale, 25th April, 
176G": — 

^ . . .1 come now to what I think a matter of vmj 
great consequence. It is some time since Hios. Cran^pe, 
who works at Bridgenorth Forge, and his brother George 
of the Dale, spoke to me about a notion they had con- 
ceived of making bar-iron without wood charooaL I 
told them, consistent with the notion I had adopted ia 
common with all others I had conversed with, that I 
thought it impossible, because the vegetable salts in the 
charcoal, boing an alkali, acted as an absorbent to the 
sulphur of the iron, which occasions the red-short qnidity 
of the iron, and pit-coal abounding with sulphur would 
increase it. This specious answer, which would probably 
have appeared conclusive to most, and \jrhioh, indeed, 



scribes a reverberatoiy ftirnace in which Iron iras to be smelted by 
pit-coal, though it does not appear that he succeeded in perfectiifg 
his invention. Dr. Percy, in his excellent work on Metallurgy^ thus 
describes a reverberatory furaace: "It consists essentially of three 
parts, — a fireplace at one end, a stack or chimney at the other, and • 
bed between both, on which the matter is heated. The fire|»]aoe to 
separated from the bed by a low partition wall called the fire-br\dge^ 
and both are covered by an arched roof which rises from the end wall 
of the fireplace and gradually dips toward the furthest end of tlie 
bed connected with the stack. On one or both sides of the bed, or At 
the end near the stack, may be openings through which the ore spread 
oT3r the surface of the bed may be stirred about and exposed to the 
action of the air. The matter is heated in such a furnace by flame, 
anU is kept from ccmtact with the solid fueL The flame in its come 
from the fireplace to the stack is reflected downwards or rwtrbtroiti 
on the matter beneath, whence the name rev€rberak>ry ftiniace.** 
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X I realty tlimigtit, was not so to them. The; replied, 
a the observations tlicy Latl mode, and repented 
linns logellier, thoy were both firmly of opinion 

I tUe altemtion from llie quality of pig-iron into that 
E bar-ii-on wit? afibcted merely by heat, and if I would 

t thtni lenre. th*y would moke a trial some day. I 
i, but, I confess, wittiout any fn%at expectation 
lucceRs I and Bo llit: miLttar realed some weeks, 

I it happening iluit some repairs liad to be done at 
^nortli, Thomas cnme up to tbe Dale, and, with his 
Mr, ntadu a tiial in Tbos. Tilly's sir-fumtice with 

fttit >dceess as I thougiit would justify the erection of a 

II wt-flirnoce nt the Fi>rge fur the more perfectly bb- 
ttairing the merit of tlie invention. This was occord- 
l^jr doce, ami a trial of it has been mode this week, 

he success hm luriKtssed the most sanguine cxpecta' 
The iron put into the furnace wus old Bushes, 
1 ihoa knuweel are always made of hard iron, and 
• Iron drawn out is the toughest I ever saw. A bar 1^ 
ti Mjaare, when broke, appears to have very litlto cold- 
1 look upon it as one of the most important 
ever made, and take the liberty of reeom- 
ding thee and earnestly requesting thou wouldst 

Mt B patent for it immediately The speciSca- 

mtion will be eomprised in a few words, oa 
It will only set forth that ii reverberatory furnace being 
liuilt of a proper construe I tim, the pig or enst-iron is put 
y and without the addition of anytliing else thnn 
W raw pit-coal, is converted into good mnllcahlo 
od. being taken red-hot from the reverberatory fur- 
s the forge-hammer, is drawn out into bars of vnri- 
1 siies, according to the will of Ihe wjrk 



I 
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Mr. Reynolds's advico was implicitlj followed. A patent 
was secured in the name of the brothers Cranege, dated 
the 17th of June, 17GG ; and the identical words in the 
above letter were adopted in the specification as descrip- 
tive of the process. By this method of puddling, as it is 
termed, the manufiicturer was tliencefom'ard enabled to 
produce iron in increased quantity at a large redaction in 
price ; and though the invention of tlie Craneges waft 
greatly improved upon by Onions, and subsequently by 
Cort, there can be no doubt as to the originality and the 
importance of their invention. Mr. Tylor states that he 
was informed by the son of Richard Re3molds that the 
wi*ought-iron made at Coalbrookdale by the Cranege pro- 
cess ** was very good, quite tougli, and broke with a long^ 
' bright, fibrous fracture : that made by Cort afterwards 
was quite different"* Though Mr. Reynolds's gener- 
osity to the Craneges is apparent in the course which he 
adopted in securing for them a patent for the invention in 
tlieir own names, it does not appear to have proved of 
much advantage to them ; and they failed to rise above 
the rank which they occupied when their valuable dis- 
covery was patented. This, however, was no &alt of 
Ricliard Reynolds, but was mainly attributable to the 
circumstance of other inventions in a great measure 
superseding their process, and depriving them of the 
benefits of their ingenuity. 

Among the important improvements introduced by Mr. 

♦ Mr. Tylor on Metal Worlc^ — Reports on the Paris EschUniion of 
1855, Part II 182. We are informed by Mr. Reynolds of Coed-du, a 
grandson of Itichard Reynolds, that " on further trials many difficulties 
arose. The bottoms of the furnaces were destroyed by the heat, and 
the quality of the iron varied. Still, by a letter dated May, 1767, it 
appears there hnd been sold of iron made in the new way to the volnfl 
of 247/. 14«. 6</." 
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8 widle mnnaging the Coalbrookilalc Works, wa 
B aHopIion by liira, for ihe firet time, of iron iiiatend of « 
titnuluii rails ill llie tram-rontls along wbich coal »nd ir 

iveved fi'om one pari of ilia works to another, i 
well RS to tlie lotKling-IiIaut-a :iIoiig tlie river Severn, lie 
ol^erved tlmt the wooden rails soon becnrno decayed, be- 
siilca being liable to be broken by the lieavy loads posa- 
big Qvcr them, occasioning muck loss of time, inleri-uplion 
to tiusineee, and heavy expenaes in repairs. It occurred 
to him ^t these inconveniences would be obviated by 
the use of rails of eafit-irun ; and. Laving tried an experi- 
menl wilh lliem, it anawei-ed so well, that in 17G7 the 
whole of lh<i wouden rails were token up and repkio^d bj 
rails of iron. Thus was the era of iron ruili'DaJs fairly 
iDitimrd at Coalhrookdale, and the example of Mr. Rey- 
nolds wus shortly after iiillowed on all tlie ti-am-roads 
thi'DUgbciul the country. 

It b also worthy of note that the first iron bridge ever 
ereclcd was cast and made at the Coalbrookdalo Works, — 
its pn^ticlion as well as lis erection being mainly due to 
the skill and enterprise of Abraham Darby the third. 
When but a young man, he sliowed indications of that 
sngacity ajid energy in business which seemed to be 
hcrcditaj'y in his fariiiiy. One of the first things he did 
an arriving at man's estate was to set on foot a scheme 
for llirowing a bridge across tin 
at a jioint where the banks w 
accomnodate tlie large po])uhi 
along iKilli banks of the riv 
irwi. brick, and poller^- works established in Ihe parishes 
■f Stndeley and Broseley; and the old ferry on the Sev- 
ern was found altogether inadequate for ready eommunt- 
ntiou Itetween uno bonk and the other. The want of a 



I 



levcm at Coulhrookdale, 
: steep and slippery, to 
in which had sprung up 
There were now thriring 
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bridge had long been felt, and a plan of one had been 
prepared during the lifetime of Abraham Darbjr tbe 
second; but the project was suspended at his death. 
When his son came of age, he resolved to take up his 
father^s dropped scheme, and prosecute it to completicm, 
which he did* Young Mr. Darby became lord of the 
manor of Madeley in 1776, and was the owner of one half 
of the ferry in riglit of his lordship. He was so fortn- 
nate as to find the owner of the other or Broseley half 
of the ferry equally anxious with himself to connect the 
two banks of the river by means of a bridge. The ne- 
cessary powers were accordingly obtained from Parlia- 
ment, and a bridge was authorized to be built '^ of cast- 
iron, stone, brick, or timber." A company was formed 
for tlie purpose of carrying out the project^ and the shares 
were taken by the adjoining owners, Abraham Darby be- 
ing the principal subsciiber.* 

♦ Among the other snbacribers were the Rev. Mr. Harris, Mr. Jen- 
nings, and Mr. John Wilkinson, an active promoter of the scheme, who 
gave the company the benefit of his skill and experience when it wm 
determined to construct the bridge of iron. For an acconnt of John 
Wilkinson, see Lives ofOit Enyinetrs, Vol. II. 837, 856. In the descrip- 
tion of the first iron bridge given in that work we have, it appears, 
attributed rather more credit to Mr. Wilkinson than he is entitled to. 
Mr. Darby was the most active promoter of the scheme, and had the 
principal share in the design. Wilkinson, nevertheless, was a man of 
great energy and originality. Besides being the builder of the first 
iron ship, he was the first to invent, for James Watt, a machine that 
would bore a tolerably tnie cylinder. He afterwards established iron- 
works in France, and Arthur Young says that " until that well-known 
Kiiglish manufacturer arrived, the French knew nothing of the art of 
casting cannon solid and then boring them." ( Travels in France, 4to 
ed., London, 1792, p. SO.) Yet England had borrowed her first can- 
non-maker from France in the person of Teter Bande, as described in 
Chap. III. Wilkinson is also said to have invented a kind of hot-blast, 
in nispect of which various witnesses, gave evidence on the trial of 
Keilson^s patent in 1839; but the inventicm does not appear to baTt 
been perfected by him. 



construction of a briilgc of iron was an entirely 
idea. An allempt liad indeed betn made at Lyons, 
Fmnce, to construct such a bridge more than twenty 
ycnra before; but it bad entirely failed, and a bridge of 
timber was erected instead. It is not known whether the 
Cottlbrookdale masters had heard of that attempt ; but, 
«r«n if they hml, it could liave been of no practical use 
la lliem. BIi-. Pritchard, an architect of Shrewsbury, 
i»aa Erst employed to prepare a design of the intended 
Btracture, whicli is still presen-ed. Although Mr, Piit- 
cliard proposed to iii(roduce o^sl-iron in the arch of the 
bridge, wUieli was to he of one hundred and twenty feet 
•pan, it was only as a sort of key, occupying but a few 
feet at the crown of the arcli. Thi^ spai'ing use of cast- 
iron indicates the timidity of the architect in dealing with 
tlie new material, — liis plan exhibiting a desire to effect 
a comjiromise between the tried and the untried in bridge- 
construction. But the use of iron to so limited an extent, 
and in such a part of the structure, was of more tlian 
quiistionable utility; and if Mr, Pritcliurd's plan had been 
adopted, the problem of the iron bridge would still have 
remained unsolved. 

The pbm. however, after having been duly considered, 
Was eventually set aside, and another, with the endro arch 
of ca»t-iron, was prepared under the Buperinlendence of 
Abnihatn Darby, by Mr. Thomas Gregory, his foreman 
of pattern-makers. Tliis plan was adopted, and arrange- 
ments were forthwith made for carrying it into effect. 
The ahiitments of the bridge were built in 1777- 8, during 
"liich (bo castings were miule at the foundcry, and the 
iruu-work was succ<;ssfully erected in the course of three 
luunllis. The bridgn was oprnwl for tmlfic in 1779, anil 
[iruvijd H most serviceablt' structure. In 1783 the Society 



of Arts recc^ized Mr, Darity's merit ns its designer And 
crei'lor by prei<enting liim wiili tlieir giA<l meilnl : and the 
znodcl of tlit.^ bridge is still to be aeon in llie i:dlertion uf 
tiie Society. :Mi'. Robert Sloplienson lias said of ibe 
structure : " If wb consider tliat tlie ntwi'pulation of noal- 
iron was tht^n complclely in ita Eiifunej, n bridge of aui-h 
dimensions wus doubtless n bold at well as an oi'iginal 
nndertaking, and the elflciency of the details b worthy of 
the lioldness of the conception."" BIr, Slephenaon adds, 
tbat from a defect in the construction tha abutments ircre 
thrust inwarda at the npproacliea and the ribs partially 
fractured. We are, however, informed that Ihia is a 
mistake, though it does ap|)ear that the ap|ireliensioa at 
one time existed that such an accident might poeaibly 

To remedy (he supposed defect, two small land arches 
were, in the year 1300, sulwtitutej foi- the stone approach 
on the Broseley aide of the bridge. While the work was 
ifl progress, Mr. Telford, the wflll-known lenginecr. care- 
ftiliy examined the bridge, and thus spoke of its coadiiion 
at the time : " The great improvement of erecting ujion 
'er a bridge of cnsl-iron V one areli only 
practice near Coal brookd -ale. The briJ^o 
n 1777, by Mr. AbmhiiiTsi Dariiy, and the 
perfect aa wlK^Sn it was firet put 



a navigable ri 
was first put tt 



s of this bridge have lon'^ been before the 



iron-work ia 
up. Drawir 

public, and have been much and justliy admired." 
CoalbrocJtdftle correspondent, writing ii(n May, 1862. in- 
forms us tlmt ■' at the present time tl'^ bridge is under- 
going repair; and, special examin^^j,^oa biving been 
mode, there is no appearance either ,i Hat the a" 

• £ncydt)pitiiia BriUnnka, SIh ed. Art. ' 
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ir t)i«t t)te rihs liavo Ix^en broken 
■uire or are out of llit-ir pr<i(ier right line. There lias, 
I true, been a strain od the land ai-ehes, and on the roiul- 
ny plates, \Tliicli, however, the maui arch las been able 
iffijetuaUr to resist." 

Thn brii]^ boa now been in profitable daily use Tor 
l|iWBfds of eighty ycare. and has during ibat time proved 
if ifae greuttwt convenience to the popuhttiun of the dis- 
■ioL So ju<il(^ii)ua waa tiie sebtotion of ita site, and so 
p«at its iMJlity, that a thriving loivn of the name of Iron- 
wMge h«9 grown up around it upon what, at the time of 
1> ereiHlun. was a namt^lcsa |.)art of " the waste of the 
tunpr of Madeley." Antl it la probable that the bridge 
irill last for wntiiries to eome. Tlius, also, wa'i the ude 
rf iron ae an important malerial in bridge-building fairly 
kAlated at Coalbroiekdale by Abmliam Diirliy, us the use 
rfinn niila waa by Bicliard Reynolds. We need scarcely 
M, th«t since the invention and extensive adoption of 
milway locomotion, tjie employment of iron in vnrioua 
Icma* in railway and bridge structures has rapidly in- 
mnVBd, until iron bos coma to he regarded as the very 
duet'Ulubor of the railway engineer. 

In Ibe mean time the works at Conlbrookdale had 
IINN0 largely exlended. In HSi, when the govemment- 
if'tbeday propueed to levy a tax en pit-eoab Kichnrd 
Bl^nwl'le iCroiif^ly urged upon Mr, Pitt, then Chancellor 
jf lite Excbeijuer, as well na on Lord Gower, ai^erwarda 
tClinfUu of StaSbrd, the impolicy of sui;h n tax. To the 
IMCr 1mi represented that large (.'apitals bad been invesled 
In lb4 Iran trade, wbicb was with diilienlty carried on in 
the face of the competition with Swedish and Hussian 
At Coiilbrookdale, sixteen " fii-e-engines," as steam- 
iQ> wure first oailed, were then at work, eight blast- 
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furnaces and nine forges, besides the air-fiunaoes and 
mills at the foundery, which, with the leveUs roads, and 
more than twenty miles of iron railways, gave employ* 
ment to a very larjje number of people. " The advance- 
meut of the iron tmdc within these few years,** said he, 
*' has been prodigious. It was thought, and justly, that 
the making of pig-iron with pit-coal was a great acquisi- 
tion to the country by saving the wood and supplying a 
material to manufactures, the production of which, by the 
consumi)tion of all the wood the country jMrodoced, was 
formerly unequal to the demand, and the nail tiade, per- 
haps the most considerable of any one article of manufac- 
tured iran, would have been lost to this country had it 
not been found practicable to make nails of iron made 
with pit-coal. We have now another process to attempt, 
and that is to make har^iron with pit-coal ; and it is for 
that pur{)0.se we have made, or rather are making, altera- 
tions at Donnington Wood, Ketley, and elsewhere, which 
we expect to complete in the pi*esent year, but not at a 
less expense than twenty thousand pounds, which will be 
lost to us, and gained by nobody, if this tax is laid upon 
our coals." lie would not, however, have ilt understood 
that he sought for any protection for the homle-made iron, 
notwithstanding the lower prices of the fcH^ign article. 
" From its most imperfect state as pig-iron,*1i he observed 
to Lord Sheffield, ^ to its highest finish in t^^he r^ulating 
springs of a watch, we have nothing to feary if the impor- 
tation into each country should be pernmitted without 
duty." We need scarcely add, that the i!ie»abBequ6nt his- 
tory of the iron trade abundantly justified tilhese sagacious 
anticipations of Richard Reynolds. tb 

He was now far advanced in years. H" Js bariness had 
prospered, his means were ample, and he^^ ^ loa^ letiiD* 
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meot ITe did not deeire to poKieEs great wealtli, whicli 

b Ilia opinion entailed such aei-ious repponsibili 

i« possessor ; and lie held that Ihe nccumulation of lai-ga 

property was more to be deprecated than desired. Ha 

llierefore determiiieJ to give up liis sliaroa in tlie ii-on- 

vorka at Kctley to his sons Williani and Joseph, who 

Bmlinued to cany them on. William v/aa a man of 

enuuent ability, well versed in science, and an excellent 

i introduced great improvements in the 

king of the coal and iron mines, employing new ma* 

■biodtj for the purpose, and availiDg himself with mucli 

^DUity of the discoveries then being made in the 

JBence of chemistry. He was also an inventor, having 

n the Si's! to employ (in 1788) inclined planes, con- 

Hdng of parallul riulways, U) coimecC and work cunals of 

ifferent levels, — an invention erroneously attributed to 

niton, but which the latter himself acknowle<lged to 

mg to Willinm Reynolds. In the first chapter of Ins 

Canal Navigation," published in 1706, 

1 says : " As local prejudices opposed the Duke 

idgewater's canal in the fii'st instance, prejudices 

noally strong ns firmly Hdbered to the principle on which 

p. was constructed ; and it was thought impossible to lead 

e through a country, or to work it to any advantage, 

B by locks iinJ boats of at least twenty-five tons, till 

e geiiias of Mr. William Keynolds. of Ketley, in Shrop- 

i, stepped fi-om the accustomed path, constructed the' 

[ inclined plane, and introduced boats of five 

, like the Duke's canal, was daemed a visionary 

Injocti wid particnhirly by his Grace, who waa partii 

• locks ; yet tliis is also introduced into practice, 

^ill, in many intstnnces, supersede lock canals." TulforJ, 

e engiuetir, also gracefully acknowledged the raluable 
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ftssistiince he r(M^iVed fhnn Williflm Iteyndldb in pinAf 
ning the iron Aqueduct^ by tfieaiM of^^hich the £ltc»ttlfef(r 
Canal Was carried oVei* the t'ont CysyAtiiu, and ifi ebcCK 
cuting the necessary eastings for the pttrfiote ki ihd 
Ketley foundery* 

The future management of his etrtehsfte inWi-tlrot1dB 
being thus placed in able hands, Richard Reynolds finftlly 
left Coalbtookdale hi 1804^ for Bristol, his native totm, 
\rhere he spent the reinaindef of his life in woi4fS oif 
charity and mercy. Here we might leaVe the antirject, 
but cannot l*efrain fhnn adding a few concluding wotcb 
as to the moral characteristics of this tmly good taatu 
Though habitually religious, he was neither deniufe nof 
morose, but cheerful, gay, and humoroils. He toOk ^ilt 
interest in the pleasures of the young people about him, 
and exerted himself ih all ways to promote their faappi« 
ness. He was fond of books, pictuj^s, poetry, tod mnSic^ 
though the indulgence of^ artistic tastes is not ihodgbt 
becoming in the Society to which he belonged. His loVe 
fbr the beauties of nature amounted almo.st to a ptesion, 
and when living at The Bank, near Ketley, it Was his 
great delight in the summer evenings td retire With his 
pipe to a rural seat commanding a full Vieir of the 
Wrekin, the Ercall Woods, with Cadef IdrfS aiid the 
Montgomeryshire hills in the distance, and Ivatch the 
Fun go down in the west in his glory. OnCe ih etefy 
year he assembled a lat^ party to spend a day with him 
on the Wrekin, and amongst those invited were the prirt* 
cipal clerks in the company's employment, together With 
tlieir families. At Madeley, near Coalbrookdalc, Whciie 
he bought a property, he laid out, for the expires use of 
the workmen, e^ensive walks through the woods oti Lih» 
coin Hilly commabding beantifal tiews^ Tliey ttesi^ eAhA 



men's "WBlka," iind w'cr 
ml to Ihem and their fuoilre. 
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niten blr. Iteyiiolils tcent to London on businese, he 
I aeeaetoraed to make a roand of visits, on his way, 
■, lo places remarkable for their [lictUfcaque beauty, 
sueti as Stowe, Ilagley Pack, and the Leasowcs. Af\cr a 
vUit lo the lutter [lUice, in 1767, lie thus, in a lettor to his 
fn'end John Macia,|ipen, vindicated his love for the bcau- 
lii'ul in Ditture : " 1 thiuk it not only lawful but expedient 
to cultivate a disposition to he pleased whh the beauties 
of nature, by frequent indulgences for that purpose. The 
ntinit, by being conlinuRlly applied to tlie consideration 
of Mnys and means to gnin money, contracts an indiffer- 
eucy if not an insensibility to the profusion of beauties 
Wliich the benevolent Creator has imjiressed upon every 
ptirt of the material creation. A soi'did love of gold, the 
wlial gold can piirchaat^, and the reputation 
(being ncli, have so depraved the finer i'eelings of sonte 
, that they pnsa through the most delightful grove, 
il with the melody of nature, or listen to the mummr' 
9 of the brook in the valley, nith aa little pleasure 
[ ttitb no more of the vernal delight which Milton 
ibos, tliwi tliey feel in passing through some obscure 

Wlitm in the prime of life, Mr. Reynolds wtis an ex- 

vtlloiil rider, performing all hia journuys on horaebaci. 

[fl used to give a ludicrous account of a race he once 

with another youth, each having a lad}' seated on a 

beliind him ; Mr. Reynolds reached the goal first, 

he looked round he found that he had lost his 

cmipanlon, who bud fallen off in the race ! On 

occasion he bad » hard riu with Lord Thurlovr 
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(Itiriiin; a vinit paid by the btter to the Eetlej Iron- 
Works. Lonl Tliurlow pulled up his horse fintj and 
o1>s(Tvod, 1:iu;;hing, " I think, Mr. Reynolds, thu is prolH 
iilily the first time that ever a Lord Chancellor rode a 
raoe with a Quaker!" But a stranger rencontre was 
mw whioli bofoll ISIr. Reynolds on Blackheath. Thoogtt 
h(^ declined (^)vernment orders for cannon, he seenn to 
have had a secret hankering after the "pomp and dreams 
Htnnee** of military life. At all events he was presenv 
on Hhiekheatli one day when Greorge IIL was reviewing 
some tnM)}>s. 'Air. Reynolds's horse, an old trooper, no 
sooner heard tlie sound of the trumpet than he started 
olV at fnll s|)eed, and made directly for the group of offi- 
rei-s before whom the troops were defiling. Great was 
th(^ surprise of the King when lie saw the Quaker draw 
nj) nloM^xside of him, but still gi-eater, perhaps, was the con- 
fusion of the (Quaker at fmding himself in such company. 
I)unn<^ tht^ later yeara of his life, while living at Bris- 
tol, bis hand was in every good work ; and it was often 
lelt wluM'e it was not seen. For he carefully avoided 
ostentation, and prefiTred doing his good in secret He 
stron^jfly ilisappn>veil of making charitable bequests by 
will, which he observed in many cases to have been the 
foiindati(m of enormous abuses, but held it to be the duty 
of each man to do all the possible good that he could 
during his lifetime. IVIany were tlie instances of his 
j>rincely, though at the time unknown, munificence. Un- 
willing to be recognized as the giver of large sums, he 
emjdoycd agents to (Iis])ense his anonymous benefactions. 
He thus sent 20,000/. to London to be distributed during 
the distress of 1795. He had four almoners constantly 
employed in Bristol, finding out cases of distress, relieving 
them, and presenting their accounts to him weekly, with 
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details of the cnsea relieved. He si^nrched the debtors' 
priaonsi, and wliere, as often happened, deserving but ' 
otifortunn.te mco were found confined for debt, he paid , 
llie claims against them and procured their release. SuRh 
& man could not fail to be followed with blessings iind 
gratitude ; but these he sought to direct to the Giver of 
nil Good. " My talent," said be to a friend, " is the 
meanest of all talents, — a little sordid dust ; but as tlie 
Di«n in the parable who had but one ttilent was held 
accountable, I also am aecountable for the talent tliat I 
possess, bumble as it is, to the great Lord of all." On 
one oci'osioa the case of a poor orphan boy was submitted 
I to him, whose parents, both dying young, had left him 
I diwlituie, on which Sir, Reynolds generously offered to 
I place a sum in the names of trustees for his education 

I and maintenance until he could be apprenticed to a busi- 
tiees. The buiy who represented the case «'as so over- 
I powered by the munificence of the act that she burst into 
' fears, and, struggling to express ber gratitude, concluded 
I with, " and when the dear child is old enough, I will 
teach bira to thank his benefactor." " Thou must teoch 
liira to look higher," interrupted Keynolds, " Do 
thank the clouds for rain? When the child grows 
leach him to tliank Ilim who sendeth both the doude and 
the rain." Reynolds himself deplored his intirmity of ' 
l«inper, which was by nature hasty ; and, as 
lence was known, and appeals were made ti 
limes, seasonable and unseasonable, ho sometimes met i 
tbi'ra with a sharp word, which, however, he had scarct-lj ^ 
ottered before he repented of it ; and be is known t 
linve followed a poor woman to ber home and ask foi 
givciiesB for Imving spoken hastily in answer to her ajipli- 
calion for help. 



I 
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This ^ gi^at gbod man" died on ifae l(Hh of Sefiteitib^ 
1816, in the 8l8t jear df hi^ age^ Aft his faneral tiw 
poor of Bristol were the chief ntonmersi The cfaiidi^^ 
of the heneTolent skMuetiet Which he had mumfickniljr 
Supported during his lifetidte) And sbme of ithieb he had- 
founded) foUowed his body fo the gi^re^ The pFboesekm 
was joined bjr the clergy and ifiinistefs of all d^neiAAnA*' 
tions, and by nien of all dasses and fersilteiOnsi And 
thus was Richard Beyndldb liud te his rest, lelmag be» 
hind him a name full &i good edoi^ which wilL long be 
held in grateful remembileuiee fty the ifahabitaBts «£ 
BristoL 



CHAPTER VI. 



nON OF Cast-Steel. — Eenjamis ncitfsuur. 



Air U ratHealion it fAedr at rirlakfrt. 



locmiliieiiL''— LlPUi, 



Irok, besides bein^ used in various Irinna as bar and 

K coet-iroa, is also used in various foims as bar and cast- 

^^Meel ; snd it is princiitally because of its mauy admirable 

^^Halitiee in these latter forms timt iron maintains its 

^Hqiremocy over all the otiier mctak 

^^^ The process of converting iron into Bteel had long been 

known amo))^ the Ksstem nations before it was iiitro- 

daeed into Europe. The Uintloos n'ere cspeciallj skilled 

L^B t!ie art of making steel, as indeed tliey arc to this day ; 

^^■bd it is supposed thftt the tools witli which the Egyp- 

^^Bns covered their obelisks and temples of por|)hyry and 

iPVj>entle with hieroglyphics were made of Indian steel, as 

' J»W>l>ably no other metal was capable of exeonling sotli 

vrork. The art seems to have been well known in Ger- 

inany in llie Middle Ages, and the process is on the 

liole very faitlifially described by Agncola in his great 

a Sletalhirgy.* England then produced very little 

md was mainly dependent for its supply of the 

[liolu upon the continental mukers. 

• Aeaioau ih Et MtiaUUa. Bule, 1«11. 
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From an early period Sheffield became distinguislied 
for its manufacture of iron and steel into various useful 
arti les. We find it mentioned in tlie tliirteenth century 
as a place where the best arrowheads were made, — the 
Earl of Richmond owing his success at the battle of 
Bosworth partly to their superior length, sharpness, and 
fijiish. Tlie manufactures of the town became of a more 
pacific character in the following centuries, during which 
knives, tools, and implements of husbandry became the 
leading articles. 

Chaucer's reference to the ** Sheffield thwytel ** (or case- 
knife) in his Canterbury Tales, written about the end of 
the fourteenth centui-y, shows that the place had then 
become known for its manufacture of knives. In 1575 
we find the Earl of Shrewsbury presenting to his fnend 
Lord Burleigh "a case of Hallamshire whittells, being 
such fruites as his pore cuntrey affordeth with fame 
throughout the realme." Fuller afterwards speaks of the 
Sheffield knives as "for common use of the country 
people," and he cites an instance of a knave who cozened 
him out of fourpence for one, when it was only worth 
a penny. 

In IGOO Sheffield became celebrated for its tobacco- 
boxes and Jew's-harps. The town was, as yet, of small 
size and population ; for when a survey of it was made 
in 1G15 it was found to contain not more than 2,207 
householders, of whom one third, or 725, were " not able 
to live without the charity of their neighbors : these ai-e 
all begging poor." * It must, however, have contiimed its 
manufacture of knives ; for we find that the knife with 
which Felton stabbed the Duke of Buckingham at Ports- 
mouth, in 1G28, was traced to Sheffield. The knife wai 

* The Bev. Joseph Huhtkb, EUiory ofHaOamAire, 
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eticking io the Duke'a body; and, when examined, 
found Io bear the Sheflield corporation ninrli. It 
ullimatelj oscertnined to have been made by one 
ITitil, a cutler, who hod ?old tbe knife fur tonpcnce to 
''elton when rewuiling in the town. 
Al a BtJJl later period, the manufacture of clasp or 
wing knives was introduced into Sheffield by Flemiali 
wfemen. Harrison says thia trade was begtin in 1650. 
Jw daBp-knife was commonly known in tiie North na a 
Xldfg. Hence Bums, deecribing tlic iUmous article 
IBuared by Captain Grose the antiquaiian, says that 

" It WM n fnuldlnE jocfcfej, 
Or iBOg-kail gully"; 
i> Worf being merely a corruption of Jacques de Li'er/r, 
I bmoiis foreign cutler, wIjosb knives were as well 
Binni throughout Europe aa those of Rogti'H or Slappin 
I* now. Seythcs and sickles formed otliur branches of 
XUn&cturB introduced by the Flemish nrtisans, the 

' !» of the former principally living in tbe parisli of 
I, tboee of the latter in Eckington. 

Jfimy improvementa were introduced from time to 
■» in the material of which these articles were made, 
niead of impoi'ting the German steel, as it was called, 
• Sheffield manufacturere began to make it themselves, 
JndpaJly from Dannemora iron imported from Sweden, 
be firet English manufacturer of the article was ono 
Wwlcy, a Newcastle man ; and the Sheffield mnkeva 
Ortly followed his example. We may bure briefly state 
n the ordinary melhoU of preparing lliia valuable 
Uerial of manufactures is by exposing iron bars, jihiecd 
icttitaut with rouglily-granulnled charcoal, Io an intenacj 
Ui — tbe process lasting for about a week, more oi 
k. according to tbe degree of cai-bouization required. 
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By lliis means, what is called UisUred^tUd k t>tciduced| 
and it furnishes the material out of which nLBorSy fiLeSf 
knives, swords, and various articles of Itardwralv are 
manufactured. A further process is the mabufoduM ^ 
the metal thus treated into sheetr^rteeli hy ekfoeiog A 
fasciculus rf the blistered-steel rods, with Band scattered 
over them for the purposes of a flux, to the h^at 6i m 
wind-furnace until the whole mass becomes of a Weld- 
ing heat, when it is taken from the fire and dfaWn oUC 
under a forge-hammer, — the process of welding being 
repeated, after which the steel is reduced to the required 
sizes. Tlie article called fagot-steel is made after a 
somewhat similar process. 

But the most valuable form in which steel i^ liow used 
in the manufactures of Sheffield is that of cast-steely in 
which iron is presented in perhaps its rerf higliost state 
of perfection. Cast-steel consists of iroii united to car* 
bon in an elastic state, together with a small portion of 
oxygen ; whereas crude or pig-iron consists of iron cimb» 
bincd with carbon in a material state.* The chief merits 
of cast-steel consist in its possessing great cohesion and 
closeness of grain, with an astonisliing degree of tenacitjr 
and flexibility, — qualities which render it of tlie highest 
value in all kinds of tools and instruments lYheii^ dunn 
bility, polish, and fineness of edge are essential rtiquisites^ 
It is to this material that we are mainly indebted for the 
exquisite cutting instrument of the surgeon^ tlie chisi^ of 
the sculptor, the steel plate on which the engraver pnuV^ 
tises his art, the cutting tools employed in the Varioua 
processes of skilled handicrafl^ down to the common saw 
or the axe used by the backwoodsman in levelUog the 
primeval forest 

• MoBRitt, PttpeH on /rdn and iStecJL 
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\ Thft tmmEion of cast-nieel is due to B*(ijamtn 
I, of AtWrcliffe, near Stieffit-ld. M. Le Fitly, 

r of Sletallurgj io the Itojal School 

litre, after making carefw! inqiiiiT' wid Weigtiirig all 

ivideoce on the Bubje^^t, amved nt tbo coDclusimi 

that Ibe inTention fairly beldnge to Iluntsiuan. The 

French professor B]ienliB of it as a *' memorable discor* 

ery," mads and applied witb admirable perseverance i 

and he clainls for its inventor the distinguished merit of 

advancing the etcel maniifacturea of Yorkshire to tlia 

first rank, and powerfully contributing to tlio eetahlish- 

1 &rm foundation of the industrial and commer* 

b-val supremacy of Grent Britain. It is remurkfthle that 

k French writer should have been among the first to 

Edirect public attention to the merits of this iuventor, and 

• hare first published the few facts known as to his bis- 

n a French goTemraeot report, — showing the neg- 

Kt vlucb men of this daes have licretofore received at 

IDC, and the much greater esteem io whicji tltey ars 

eld by scientific foreigners.* Le Flay, in his cnihusia 

Htie admirBtion of the discoverer of bo potent a metul aa 

ttt-eteel, paid a. visit to Huntsman's gi-ave in Attei-uliffU 

Siorohyard, near Sheffield, and from tbe inscription on 

riti tombstone recites the facia of his birth, hia death, and 

his brief history. With the ossistince of bis descendantSj 

we are now enabled to add the following record of the 

life and labors of this remarkable bat almost foi^ttea 



I 



o elnfiorato and BdmlMble reports an tfiB 
ishsd [n the Amidct da Minn, Toli-. 111. and IX. 

They tm nrpeeSiveij ciilUleJ, " M^moira "ur 
et m Yorksliirii," mid " Memoirs eur Is Fabliau 
del F«n k Aclar dana !• Mord de rEonipa,' 



H 
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Benjamin Huntsman was bom in Linoolnshire in the 
year 1704. His parents were of Glennan extraction, and. 
had settled in this country only a few years previous to 
his birth. The boy being of an ingenious turn, was bred 
to a mechanical calling ; and becoming celebrated for bis 
expertness in repairing clocks, he eventually set up in 
business as a clock-maker and mender in the town of 
Don caster. He also undertook various other kinds of 
melal work, such as the making and repairing of locks, 
smoke-jacks, roasting-jacks, and oiher articles requiring 
mechanical skilL He was remarkably shrewd, observant, 
thoughtful, and practical ; so much so, that he came to be 
regarded as the " wise man " of his neighborhood, and was 
not only consulted as to the repairs of machinery, but also 
of the human frame. He practised surgery with dex- 
terity, though after an empirical fashion, and was held 
in especial esteem as an oculist. His success was such 
that his advice was sought in many surgical dbeases, and 
he was always ready to give it, but declined receiving 
any payment in return. 

In the exercise of his mechanical calling he introduced 
several improved tools, but was much hindered by the 
inferior quality of the metal supplied to him, which was 
common German steel. He also experienced considera- 
ble difficulty in finding a material suitable for the springs 
and pendulums of his clocks. These circumstances in- 
duced him to turn his attention to the making of a better 
kind of steel than was then procurable, for the purposes 
of his trade. His first experiments were conducted at 
Doncaster ; * but as fuel was difficult to be had at that 

* There are several clocks still in existence in the neighborhood 
of Doncaster made by Benjamin Huntsman; and there is one in the 
possession of his grandson, with a pendulum made of cast-steeL The 



I itrouj 



IW, he iletenniiied, for grentrr wmvenience, lo 11 
ho neighborhood of SlirfRel.l, which ho did in 17-10. 'J 
flrat st-tUcfi tit Hiins^vurilj, n fi^w miles to the f 
tlmt town, nti'l there pursued his inveBtigniimi 

UnforlunalL'ly, no I'licoi-ds have been presL-rveJ | 
the methods which he odopItjU in orermming the dilfi- 
lies he had necessarily to enrounter. 'I'liiit ihcy must' 
iVe been great ia certiiin, for the process of mmiufiictui'- 
cast-steel of u firet-rate quiUity even at this diiy is ot '' 

elaborate and delicate character, requiiiiig t 
liiUf watched in its various stages. lie hod not only | 
■to iliacover the fuel and flux suitable for his purpose, but 1 
to build such n fumiice and make such a crucible as J 
should sustain a. heat more Intense than nny then I 
in metallurgy. Ingot-moulds had not yet been cat 
were there hoops and n'edges made tluit ivoold hold them 
together; nor, in short, wore itny of tliose materials at 
tiia disposal which are now so familiar at every melluig 
film nee. 

Iluntsman's experiments extended over many years I 
before the desired result was achieved. Long afler his' { 
dentil, the memorials of the numerous failures througt 
nhich he toilsomiily worked his « ay to success wera" | 
itrought lo light in the shape of many hundred w 

eieel, found buried in the eartli. in ditrerent jilace-S^ I 

It his manufactory. From the number of these J 

rcka of early experiments, it is clear that he hud j 

worked continuously upon his grand idea of purifying 

:1 then in use, by melting it with tluxea at I 

heat in closed earthen crucibles. The buried I 
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masses were found in Tarious stiiges of failure, ansing 
from imperfect melting, breaking of crucibles, and bad 
fluxes, and Lad been hid away as so much spoiled steed 
of wliich nothing could be made. At last his perseycp- 
ance was rewarded, and his invention perfected ; and 
ahliough a hundred years have passed since HuntSHMm's 
discovery, the description of fuel (coke) which he first 
applied for tlie pur|X)se of melting the steel, and the cru- 
cihles and furnaces which he used, are, for tlie most part, 
simihxr to tliose in use at the present day. Although the 
making of cast-steel is conducted with greater economy 
and dexterity, owing to increased experience, it is qocs- 
tionable whether any maker has since been able to sur- 
pass the quality of Huntsman's manufacture. 

The [)rocess of making cast-steel, as invented by Ben- 
jamin Huntsman, may be thus summarily described. 
The melting is conducted in clay pots or crucibles man- 
ufactured ibr the purpose, capable of holding about thirty- 
four pounds each. Ten or twelve of such crucibles are 
phiced in a melting-furnace similar to that used by brass- 
founders ; and when the furnace and pots are at a white 
heat, to which they are raised by a coke fire, they are 
char;j;ed with bar-steel reduced to a certain degree of 
hardness, and broken into pieces of about a pound each. 
When the pots are all thus charged with steel, lids are 
placed over them, the funiace is filled with coke, and the 
c»over put down. Under the intense heat to which the 
metal is exposed, it undergoes an apparent ebullition. 
When the furnace requires feeding, the workmen take 
the opportunity of lifting the lid of each crucible and 
judging how far the process has advanced. After about 
three hours' exposure to the heat, the metal b ready fd* 
*^ teeming." The completion of the meltbg process is 



knttcB b^ Ui« etilisidt^nce of all ebulltlinn, and 1^ (lie 
elair suifaw of the melled metal, which is of a daxeling 
btillt&iirj, lilt« the Ban when kmkcd at witli tlie nnked 
eye oii a clear daj. The pota are tiien lii'icil Out of titeiir 
place, anrt (he liquid steel is poured inio ingots of the 
fthape and size required. The pota are replaced, filled 
flgnin, and the proocm is repeated ; the red-hol pots thus 
serving for three successive chargea, after whieli Ihoy are 
rejected as uselees. 

When Hanismnn had perfected his invention, it itouUl 
naiaraltj occur to liJm thai the new metid might be om^' 
plojed fbr other purposes besides clock-spiings itnd pen-* 
duliims. The bnsinese of clock-making ^tas then of a 
Tcrr limited charat'ter, and it could Bcai'cely have been 
worth hia vhile to pursue so exlensire and costly a series 
of Cxpeiiments merely to supply the requirements of that 
tr»de. Il is more probable tliat at an early stage of his 
iavcstigalimiB he shrewdly foi'csaw the exteasiTe Qses to 
wliicli cast-steel might he applied iu the manufacture of 
tools and i-ullery of a superior kind ; and we accordingly 
find him eai'ly endeavoring to persuade the manufacturers 
of miclSeld to employ it in the manufacture of knives and 
razors. But the cutlers obetinately refused to woi4e a 
matei'ial so tnufh harder than that which they had been 
aoeiistomod to use ; and for a time he gate up all liopea 
of creating a demand in that quarter. Foiled in hts en- 
desTore lo sell his irtacl at home, nuntsmau turned his 
attention to foreign markets ; and he soon found he eOuld 
readily sell abrooii ail that he enuld make. Tlie merit 
of ein|ikiying caat^teel for general purposes belongs to 
lh« French, always so quick to (ii)]irec'iHte the advantages 
of any now disi.'oi'ury, and for a time the wlwle of the 
tiaat-«toel that lluntaman could maaufacture was exported 
to France. 
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When ho had fairly established his business with thai 
country, the Sheffield cutlers became alarmed at the rqm- 
tation wiiich cast-steel was aoqniring abroad ; and when 
they iicard of the preference displayed by English as 
well as Fi*cnch consumers for the cutlery manofactmed 
of that metal, they readily apprehended the serious oon- 
Hcquences that must necessarily result to their own trade 
if cast-steel came into general use. They then appmnted 
a deputation to wait upon Sir George Sayile, one of the 
members for the County of York, and requested him to 
use his influence with the government to obtain an order 
to f)ro)nl>it the exportation of cast-steeL But on leam- 
iw* from the deputation tliat the Sheffield manufacturers 
th(Mnsc1vos would not make use of the new steel, he posi- 
tively declined to comply with their request It was 
indeed fortunate for the interests of the town that the 
o1)j(H*t of the deputation was defeated, for at that time 
'Air. Huntsman had very pressing and favorable offers 
fn^m some spirited manufacturers in Birmingham to 
n^nove his furnaces to that place ; and it is extremely 
probable that, hod the business of cast-steel making be- 
come establiHhed there, one of the most important and 
lucrative branches of its trade would have been lost to 
the town of Sheffield. 

The Sheffield makers were therefore under the neces- 
sity of using the cast-steel, if they would retain their 
trade in cutlery against France ; and Huntsman's home 
trade rapidly increased. And then began the efforts of 
the Sheffield men to wrest his secret from him; for 
Huntsman had not taken out any patent for his inven- 
tion, his only protection being in preserving his prooesa 
as much a mystery as possible. All the workmen em- 
ployed by him were pledged to inviolable secrecy ; atraii- 



I were caTvfiiIl3^ excluded from tlie works ; and the 
i of the eteel made \va» melted during the night. { 
B were many epeculations abroad as lo Huntsman's i 
It WHS general!/ believed that hia secret con- 
1 the fiux which lie employed to make the metal 
re readily ; and it leaked out amongst the w 
h Utat he need broken bnltles for the purpose. Some 
I the manirfu.'turera, who by pryin;^ and bribing got an 
taiog of the process, icilb>wed Huntsman implicitly in 
B respect ; and they would not allow their own worl:-- | 
n U> flax the pots, lest they also should obtain posses- 
Ti ■of the secret. But it lamed out eventually that no 
h flux was nocessary, and the practice has long Btnee ■ 
D discontinued. A Frenchman named Jars, rrcquently 
Oled by Le Play in his account of the manufacture of 
mI in Yorkshire,* paid a visit to Sheffield towards tlie 
3 of laat century, and described the process so far aa 
B permitted to examine it. According to his state- 
ti kU kinds of fragments of broken steel were used ; 
i (hta is corrected by Le Play, who states that only the 
>t bar-et^l, manufactured of Dannemora iron, was em- 
>jed. Jars adds that " the steel is put into the crucible 
1 a fivx, the composition of which is kept secret"; 
1 he slates that the time then occupied in the conver- ' 
1 YTBS iire hours. 

1 Baid tliat the person who first succeeded i 
g Huntsman's proi'ess was an iron-founder named 
cer, vho carrieil on his business at Greenside, near ' 
d. ; and it was certainly there that the making 
B next begun. "Walker adopted the "ru 
f dligiuung himself as a tramp, and, feigning great di»- | 
d abject poverty, ho appeared, shivering, at 
■ Jmafu Jet jVinu, Vol*. III. uid IX., 4[!i Serie*. 
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4oor of Hunl^man's fouiujeiy late oqe di^ wbeo the 1 
workmen were about to begin their labors at atad-caatinft | 
and asked for aclmuwion to warm himself by tibe fumaoe ' 
fire. Tlui workmcu's hearts were moved, and tbfly per- 
mittod him to enter. We have the above Acta fiom the 
diisccndants of the Huntsman fiwiilj; bnt wfi f|^ the 
traditional story preserved in the neig^horhopj, o giv^. 
in a well-known book on metallurgy : — 

^ One cold wintei^'s night, while the sqow waa ftttuig 
ir. lioavy flakes, and the manufactory threw ita red f^iune 
of light over the neighborhood, a persoo of the most 
altject appearance f)re8ented himself at the entFance, 
praying ibr permission to sliare the warmth apd shelter 
which it afforded. The humane workmen fiaund the 
appeal irresistible, and the apparent beggar waa por- 
niitted to take up his quarters in a warm comer of the 
building. A careful scrutiny would have discovered lit- 
tle real sleep in the drowsiness which seemed to overtake 
the stianger; for he eagerly watched ey^iy movement 
of tho workmen wlnle they went through the opemlions 
of tho newly discovered process. He observed, firs^ of 
all, tluit bars of blistered steel were broken into small 
pieces, two or three inches in length, and placed in cru- 
4;ihles of (iro clay? When nearly fiiU, a Jittle green gbiaa 
broken into small fragments was spread over the t(^ 
^nd tho wliole covered over with a closely fitting cover. 
Tlie crucibles were then placed in a furnace previously 
prepared for them ; and after a lapse of from throe to 
four lioui*s, during which the crucibles were ejuunined 
from time to time to see that the metal was thoroughly 
uuiltJid and incor])orated, the workmen proceeded to lifl 
tho crucible from its place on the fumaoe by meana of 
tongs, ai)d its moHeu contents, blazing^ sparlj^ling, and 



) poarcd into a mould of caat-iron f 
leiy pivparei] : Iicre it waa sufTeiod to coo), while iha n 
UL-Utba wtre Bgnin,filiDd. BtiJ tliB proi-tss repented, 
n tool, tiie mould was un^t^rewud, anil a bar of' cast- 
I pfeBejiLad itsell', ivhk'U only requii'cd ihe aiil of tlie 
ir-nuin 10 ibim a fiaishud bar of cast-steel How 
lOutlioriziMl Bpvctator of these opcrutiona efleL'tdl 
apa witliout delectjon tradition does not say; but. 
I ua that, Lefore many months had pafisi'd, tha 
a tnanufiK'tory waa not tbe only one wliere caat- 
teet was [rroduced." * 

er the facta may be, the diacovcry of the elder 

n [duve^ 0*" the gi«atest advantage to Sheffield ; 

aroely a civilized country where SheBicliI 

a not largely naed. either in its most liighly fiuisbed 

) of wailery or &a the raw material for some home 

In llie lui-'an time the demnnd for Hunta- 

t H£el steadily irci'caeed, and in 1770, fur the pui^ 

I of obtaining greater acope for Lis operaliona, he 

1 lo a large, new mamifiwtory which he erected 

t AUcrcliSa, a little to the north of Shcflield, mone 

renienlly situated for business purposes. Tiiere he 

mtiniied to flourish for six years more, making ateel 

I practieing benevolence ; for, like tlie Darbya nnd 

IS of Coalbrookdale, he was a woilhy nnd highly 

tcled Biofnlwr of the Society of Friends. lie was 

i versed in the science of hia day, and skilled ip 

vihiiih doubtleaa proved of great advantage to 

1 pui'suing his experiments in melaJliirgy.f That 
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be was possessed of great penereraiioe wfll be cbiioiis 
from the difficulties he encoimtered and oreicame in 
]icrfectin^ his valuable invention. He was. howerery 
like manj [jersons of strong oii^nal diaracter, eocentric 
in his habits and reserved in his manner. The Bojal 
Socic'tv wi«hed to enroll him as a member, in acknoirl- 
erigment of the high merit of his discoveiy of cast-steel, 
as well as because of his skill in practical chemistry ; bat 
as this would have drawn him in some measure from his 
scr'lusion, and was also, as he imagined, opposed to the 
prinf'i files of tlie Society to which he belonged, he de- 
dincid the honor. Mr. Huntsman died in 1776, in his 
soventy-sccrjnd year, and was buried in the churchyard 
at AttcrclifTe, wiiere a gravestone with an inscriptioo 
marks liis resting-place. 

Ili.s son continued to carry on the business, and lai^ly 
extended its operations. The Huntsman marie became 
known throuj^liout the civilized world. Le Play, the 
French Professor of Metallurgy, in his Memairt of 1846, 
still speaks of tlie cast-steel bearing the mark of "^ Hunts- 
man and ^larsliall " as the best that is made ; and he 
adds, "The buyer of this article, who pays a higher 
j)rice for it tlian for other sorts, is not acting merely 
in the blind spirit of routine, but pays a logical and well- 
dcservcd homage to all the material and moral qualities 
of wliicli the tnie Huntsman mark has been the guaranty 
for a century." * 

Many other largo firms now compete for their share of 
thfi trade; and the extent to wliich it has grown, the 
number of fiirnnc(;s constantly at work, and the quantity 
of hUjel cast into ingots, to be tilted or rolled for the vari- 
ous purposes to which it is applied, liave rendered Shef- 

* Annalts des Mines, Vol. IX., 4th Series, 266. 
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d ihe greatest tabomtory in the world of tliia Talanbla 1 
Of llie total quantity of cBst-ftccl niaiiufa&- ' 
tnred in En^and, nnt le«9 than Rre aixtlts are produced 
llwre i ftui! the fncililiea for experhnent and ndaptalion 
im thi> fpot ha\-e eaahkd the SheffleUl « I eel-makers to 
t%ep \\te leAil in the mnniifaetiire, mid EurpnsH nil others 
in the [lert'ection to which they have earrietl (his impor- 
tant hmtieh uf our national industry. It is indeed a 
teniArkable (ket that this Tery town, which was formerly 
inihfliled to Styria for the steel iiacd in its mamifactureB, 
now exporla a msteriiit of ita own conversion to the Aua- 
Irian tbivps and other places on the Continent from which 
it was liefrtre occiislimsed to draw its own pnpplieB, 

Among the improved processes invented of lale yeare 
for the manufacture of steel, are those of Heath, Mushet, 
arid Bessemer. The last pi-omises to effect betbre long 
nn Midrt! revolution in the iron !ind steel trade. By it 
the crude metal is converted by one simple process, 
dtreetly as it eomes from the blast -furnace. This is ef- 
l«cted by driving tlirougli it, while still in a molten state, i 
fvvomt streams of atmospheric air, on which the carbon 
of ihe crude iron unites with the oxygen of the atmos- 
phere, Ihe temperature is greatly raised, and a violent 
ebiilliiion takes place, during which, if the process he 
continued, ihirt pnrt of the carlwn wliicli appears to be 
median ictJl J mixed and diffused thioiigh ibe crude iron < 
is entirely consumed. The metal becomes thoroughly « 
dcansed, the sing is ejected and removed, while the snl- 
(iluir otxl other rolatilu mutters are driven off; the result , 
iH-iii^ an iagtii of malleable iron of the quality of cliar- j 
etwl-iron. An importiint fbnture in the process Ls, that , 
by filopping it at a (larticular stage, imjnediately ibUowing 
tlie boil, before the whole of the carbon lias been ai>- 
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fitrartcd by the oxygen, the cnide iron will be ifainid to 
have |)nssc(l into the condition of cast-6teel of ordimrf 
qtiality. By continuing the process, the metal losing its 
rnrbon, it passes fi*om hard to soil steel, tlience to steely 
in)n, and Lust of all to very 8of\ iron ; so that, by inter- 
riiptin;^ till} process at any stage, or continuing it to the 
CM 1(1, nlniost any quality of iron and steel may be obtained. 
One of the most valuable forms of the metal is described 
by Mr. H(*ssemer as *' semi-steel," being in hardness about 
midway l)etwecn ordinary cast-steel and soft malleable 
iron. Tlie Bessemer processes are now in full operatioa 
ill ICnn^land as well as abroad, both for converting crude 
into inalienable iron, and for producing steel; and the 
n'Hiilts arc expected to prove of the greatest practical 
utility in all cases where iron and steel are extensively 
employed. 

Y(^t, like every other invention, this of Mr. Bessemer 
lind loiijif been di-eamt of, if not really made. We are in- 
fornuHl in ** Warner's Tour through the Northern Counties 
of Knjrland," published at Bath in 1801, that a Mr. Reed 
of Whitehaven had succeeded at that early period in 
makinp^ steel direct from the ore; and Mr. Mushct 
clearly alludes to the process in his " Papers on Iron and 
Steel." Nevertheless, Mr. Bessemer is entitled to the 
merit of working out the idea, and bringing the process 
to ])ei*foction, by his great skill and indomitable perse- 
verance. 

In the Heath process, carburet of manganese is em- 
ployed to aid the conversion of iron into steel, while it 
also confers on the metal the property of welding and 
working more soundly under the hammer, — a fact dis- 
covered by Mr. Heath while residing in India. Mr. 
Mushet's process is of a similar character. Another in- 
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I ventor, Migor Uchatias, an Austrian engineer, granulates 
I emde iron while in a molten state by pouring it into 
f water, and then subjecting it to the process of conversion. 
Some of the manufacturers still affect secrecy in their 
operations ; but as one of the Sanderson firm — famous 
for the excellence of their steel — remarked to a visitor 
when showing him over their works, " the great secret is 
to have the courage to be honest, — a spirit to purchase 
the best material, and the means and disposition to do 
justice to it in the manufacture." 

It remains to be added, that much of the success of the 
Sheffield manufactures is attributable to the practical skill 
of the woikmen, who have profited by the accumulated 
experience treasured up by their class through many 
generations. The results of the innumerable experi-* 
ments conducted before their eyes have issued in a most 
Taluable though unwritten code of practice, the details of 
which are known only to themselves. They are also a 
most laborious class ; and Le Play says of them, when 
aUnding to the fact of a single workman superintending 
Ihe operations of three steel-casting furnaces, — "I have 
fonnd nowhere in Europe, except in England, workmen 
able for an entire day, without any interval of rest, to 
undergo such toilsome and exhausting labor as that per- 
fonned by these Sheffield workmen." 



CHAPTER VII. 



i OF Henry Coitr. 



HfiNRr CoRT was bom in 1740, at Lnncaster 
Iiis (hlhcf carried on the traJe of a buiJiler a 
innker. Notli'm^ is known as to Henry's early I 
1ml he Berms lo have miBed himself by his owr 
n res[iwtiililo position. In 17G5 we find him t 
in Surrey Street, Strand, carrying on the bus 
nfkry n^nt, in which he la aaid to have reolixed | 
able profits. It was while condui'ting tljis 
lie liecnme nware of the inferiority of British 1 
pnrcd with that obtained from foreign ( 
English wrouglit-iron was considered ho bail llf_ 
prohibited from all govemraont sapplies, while T , 
iron was considei'cd of too brittle a nature to Ih; *" '" 'sini'' 
general OKe." Indeed, the Busiian govtriiniunt*^' '"''*iMil»'° 
persuaded that the English nation 
their mannCactures without Russini 

they oi'dereil the price to be raised from ^'^*" "^ •» 1 
eiglity copecs per pood to two hundred and f^^^' \^VII^' 
and twenty copecs per pood.t t wt'liimsi' 

Sucli being the case, *ijrt'a attention bee* — 

o India. J| 






111 . '»# 

, jUieso is M lA \ 
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P the subject in connectiou with the Bupjily of iron to lli« 

P^i an<) Iio entered on a sE;riL-3 of eKperimenta nilh llie 

ot of improving the mamifacturo of English ii'ors 

il the pBiiiijnUr experimenla wei'e, and by ithnt sippa 

^ urived at i-esults of ea mu<:h imporlauce to the British 

« Imle, DO one citn now tell. All thnt ia kr.own is, 

Wirt the year 1775 he relinquished his businew aa 

r agent, and tMtk a lease of certain preiniees »t 

■ Fareharn, at the northwestern corner ef 

I Harbor, where he erecteil a for^e and an 

B was ftftenvards joined in partnership by 

M (son of Adam Jellieoo, then Deputy- 

r rf Seamen's Wages), which turned out, a9 

fy appear, a moat unfortunate connection for 

am the ease of other inventions, Cort took up the 
n at tlie jioint to which liis predecessors 
I. bfDugiit it, Cfurying it atill further, and improving' 
r proceaaes. We may here briefly recite the- 
y wbieh the manufacture of bar-iron by means of 
I bod np to this time been advanced. lu 1747, 
R Foul succeeded at Coalbrookdalc in Hmelting iron ore' 
It pit-coal, after nhicli it was refined in the nsnid way 
B of coke and charcoaL lo 1762, Dr. Roeback 
i> Ite referred to) took out a patent Sir melting 
or pig-iron in a hearth heated with pit-coal by 
t ot bellows, and then working the iron antil it 
Ueed to nature, or metallized, as It was termed ; 
T wUeh it was eipoeed to the action of a hollow pit- 
urged by u, blast, until it was redui?ed to a l^p 
AdrMfnoul in(» bar-iron under ar common forge-hnra- 
I tho brothers Cranege, in 17S6. adopted the' 
ry or air ftiniaoQ, ill' wbieb l^ey placed' th» 
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pig or cast' iron, and without blast or the addition cif anj- 
thing more than common raw pit*coal, converted the siune 
into good malleable iron, wliich being taken red hot from 
the reverberatory furnace to the forge-hammer, was 
drawn into bars according to the will of the workman- 
Peter Onions of Merthyr Tydvil, in 1783, carriud tlie 
manufacture a stage further, as described by him in his 
patent of that year. Having charged his furnace (^ bound 
with iron work and well annealed ") with pig or fused 
cast-iron from the smelting-fumace, it was closed up and 
the doors were luted with sand. The fire was urged by 
a blast admitted underneath, apparently for the purpose 
of keeping up the combustion of the fuel on the grate. 
Thus Onions* furnace was of the nature of a puddling 
furnace, the fire of which was urged by a blast The fire 
was to be kept up until the metal became less fluid, and 
^^ thickened into a kind of fi*oth, which the workman, by 
opening the door, must turn and stir with a bar or other 
iron instrument, and then close the apeiture again, apply- 
ing the blast and fire until there was a ferment in the 
metaL" The patent further describes that " as the work- 
man stirs the metal," the scoriae will separate, " and the 
particles of iron will adhere, which particles the workman 
must collect or gather into a mass or lump." This mass 
or lump was then to be raised to a white heat, and forged 
into malleable iron at the forge-hammer. 

Such was the stage of advance reached in the manufac- 
ture of bar-iron, when Henry Cort published his patents 
in 1783 and 1784. In dis{>ensing with a blast, he had 
been anticipated by the Craneges, and in the process of 
puddling by Onions ; but he introduced so many im- 
provements of an original character, with which he com^ 
bined the inventions of his predecessors, as to establish 



AU B new eiB in the liiatory of tlie iron manufai-tur^ 
id, in tlie Qoane of a few ytiai's, to rnisu it to the higl 
Ue of prMperity. A* t-arly as 178C, Lovil Sheffield 
icognizeil the great national importain'e of Coit'a 

the folloiving words : " If Mr. Cort'a very 
igeniouB nnil meritorious improvements in ttie nrt of 
ttkitig and working iron, the eteam-engine of Boulton 
id Wall, and Lord Dundonald'a discovery of making, 
ike at ball' the present price, should all succeed, it is not: 
Belling too much lo say, that the result will be more. 
Ivsntagcons lo Great Brilaiii than the possession of the« 
itrt«en colonies (of America) ; fof it will give I 
etfi command of the iron trade to tliia country, with itKj 
ist iulTanl.ig03 to navigation," It is scarcely necessary/ 
ire to point out how completely tho anticipations of 
ord SheJReld have been fulfilled, sanguine though they, 
light appear to be when uttered some seventy-six yean. 

We will endeavor as briefly as possible to point oafc 
e impoi'lanl character of Mr. Cort'a improvements, aa> 
ibudied in his two patents of 1783 and 1784. In tha, 
at he states that, aflcr " great study, labor, and expense^ 

• AlthouEh lh« iroD roanufacturo hsii Bradunlly been inere«shig^ 
icalli«iiilil(lla of ihe cennirv, it was as vet ccmpnoitively liisigr " 
U in nmoutit. Tiiiu we flhd, frDin a itatument by W. Wllkliu 
ted Deoelllber 3b. 17S1, conlained in tlie memoianilnm-book of V 
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ml import of Oregroiind* iron from S< 



162 INDUSTRIAL BIOGRAPHY. 

In tryiiig a variety of experiments, and making many diB*. 
covorics, lie had invented and brought to perfection m 
|)cciiliar method and process of preparing, welding, and 
working various sorts of iron, and of reducing the s^me 
into uses by macliincry : a furnace, and other apparatiUy 
adapted and applied to the said process." He first de- 
scribes his method of making iron for '^- large iisos," such 
as shanks, arms, rings, and palms of anchors, by the 
method of piling and fagoting, since become generally 
practised, — by laying bars of iron of suitable lengths, 
forged on purpose, and tapering so as to be thinner at 
oi)e end than the other, laid over one another in the man* 
nor of bricks in buildings, so that the ends should every- 
where overlay each other. The fagots so prepared, ta 
the amount of half a ton more or less, were then \o be put 
into a common air or balling furnace, and brought to a 
welding heat, which was accomplished by his method in a 
much shorter time than in any hollow fire ; and when 
the heat was iHjrfect, the fagots were then brought under 
a forge-hammer of gi^eat size and weight, and welded into 
a solid mass. Mr. Cort alleges in the specification that 
iron for ^* larger uses " thus finished, is in all respects 
possessed of the highest degree of perfection ; and that 
the fire in the balling furnace is better sujted, from its 
regularity and |)enetniting quality, to give the iron a pei> 
feet welding heat throughout its whole mass, without 
fusing in any jiart, than any fire blown by a hl^sU 
Another process employed by Mr. Cort for the purpose 
of cleansing the iron and producing a metal of purer 
grain, was that of working the fagots by ])assing tlicm 
through roUoi-s. " By this simple process,** said he, " all 
the earthy paiticles are pressed out, and the iron becomes 
at once free fi-om dross, and what is usually called QiUjdieirjt 
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s con^resHed into a fIbi'OUB and tough ateto." Thv I 
iou. has indeed been talten to tlie process of jiaesing { 
friton tlirougli rullera, [hat the tander ia not ao olf«i>U- 
lUy got rid of as by pnssing it under a lilt hiimiiici', 
4 lliat Diuoh of it is xquoezed into tha bar and p 

;, bitermptid^ its fibre and' impairing its strengthi 

t do«s not appear lliat there wa» uny novetly in IhO' 

f roUera by Cox't ; for in his flmt apecifluation' lie 

IS of them as already well known.* IIIb great merit 

i in upprehending the value of ccrlain pro* 

s tested by his own and others' enperiencc, add 

bluing and applying them in a mure cflbttive practical 

I bad ever buen done before. ThiB- power of 

^lending the best methods, and' embodying' the de- 

I complole whole, marks the pructital, deap- 

d man, and iji certain cases amounts almost to a 

k The merit of combining the inventions of otilera* 

h lorma as that they shall work to advanlngot is as' 

t in its way as that of tlio man who strikes out llie 

ntiona themselves, but who, fbr want of tact' and uxpe-- 

B, cannot earry tbem into practifal offlipt, 

e with Cort'S second patent, in- which hei 
Bribed his method of mannfarturing bar-iron IVom the 
f £rom cRst-ii'on. All the several pro:«B8eB tlierein 
i had been practised before his time ; his merit' 
7 consisting in the skilful manner in which lie com- 
1 and applied them. Thus, h^io the Gi-aneges, he- 

natorial lo ohsarve," »ays Mr. Webster. " that Cort, 1 j iliie 
1, Bpenka of tlie rallers, farnnren, nnd wpnnirti proucH-tes, h^ 
. 'I'here i« noclnim n> Hoy afthein neparalely; tin uliiin 
uelngnrtliB Aif^Uof pdad Innt.inlo ban, and ttie wekllllg 
1 by rollers iutitead of by furgp-Uiiuinei 

1 Oirt, in ifci.hanic-1 Magaant, lb July, 1S5S, by TiiouAS WxB 

«iH.A.^P.R,S. 
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employed the rererberatory or air furnace, without blaet, 
and, tike Onions, lie worked the fueeil meuU with iron 
bars until it was brought into lumps, when it waa removtd 
and forged into malleable iron. Cort, however, carried 
the process further, and made it more effeL'tunl in all 
respceta. His method raay be thus briefly described: 
tbo bottom of tlie reverbemtory furnace waa hollow, so 
cs to contain the fluid metul, introduced into it by Indies ; 
tho heat being kept up by pit-coal or other fuel. When 
the furnace waa charged, the doore were closed until the 
metal was BuiBciently fused, when the workman opened 
an aperture and worked or stirred about tlie metal with 
iron bars, when an ebullition took place, during the cou- 
linuance of which a bluish flame was emiited, the carbon 
of tlie cast-iron was burntid olT, the metat sepai-ated from 
liie slag, and the iron, becoming rednced to natui-c, waa 
then collected into lumps or loops of sizes suited to their 
intended uses, when they were drawn out of the doors 
of the furnace. Tliey were then stamped into plates, 
and piled or worked in an air furnace, heated to a while 
or welding heat, shingled under a fot^-hanimer, and 
passed througji the grooved rollers after the method 
described in the first patent. 

The processes described by Cort in his two patents 
have been followed by iron manufacturers, with various 
modifications, the reaulia of enlarged experience, down to 
the present time. After the lapse of seventy-eight years, 
the language employed by Cort continues on the whole a 
faithful description of the processes still practised : the 
same methods of manufacturing bar from cast iron, and 
of puddling, piling, welding, and working the bar-iron 
through grooved rolIerB, — all are nearly identical with 
the methods of manufacture perfected by Henry Cort in 



14784. It mny txi mentioned that the development of t1 
■rpowers of the steam-engine by Walt had lui exiraoni 
f effect apoa the prndiictiun of irau. It (treated ii 
■largeljr increased demand for t1ie aiUcle for the purposes 
■of the shatihii; and macltinety which it was employed ta 
KdrtTe; while at the same time it cleared pits of waterH 
I- which hcfore were unworkable, and by bting exlensiveltf^ 
I applied to the blowing of iron-furnaeea and the workin 
li of the noUing-mills, it thus gave a still further imjietus U 
I the manuracture of Uie metal. It would be beside c 
I porpoBe to enter inio any statiatical detail on the subjectd 
l^bat it will he sufRcicnt to stale that the production of 1 
4 which in the early part of last century amounted 
a Uttle more than 12,000 tona, about the middle of the 
century to about 18,000 tons, and at the time of Cort's 
inventions to about 00.000 tons, was found, in 1820, to 
L ha.vB increased to 400,000 tons ; and now the tola! quan- 
I'tity produced is upwards of four millions of Ions of pig- 
Liron every year, or more Ihnn the entire production of all 



o doubt 
mufac- 



n operation 



r European countries. There b little 
hthat this extraordinary development of the i: 
I lure has been in a great measure due to tl 
r of Henry Cort. It is said that at the presei 

e not fewer than 8.200 of Cort's furnaeea 
\ .in Great Britain alone.* 

Practical men have regarded Cort's improvement 
tthe process of rolling the iron as the most valuable of 
r inventions. A competent authorily has spoken of Cort'( 
I gnmved rollers as of " high philosophical interest, being 
I <eiireely less than the discovery of a new mechanical 
. revereing tlio action of the wcd^e, by the 

fdioition of force to four surfaces, so aa to eloiigat« a 

* Latter b;- Sir. Tmrui ID ifichanic't Magiuint. 
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mass, instead of applying force to a mass to divide tht 
four Hiirfuocs." One of the best authorities in the iron 
trade of hu^t century, Mr. Alexander Raby of Llanelly, 
liko ninny others, was at first cnti]*ely sceptical as to the 
value of Coii*8 invention ; but he Iiad no. sooner wit- 
nc>NM'd the prtx^ess tlian with manly candor be avowed 
his entire eon version to his views. 

We now n^turn to the history of the chief anthor qf 
this |;ix*at bnuieh of national industry. As might natu« 
rally he exinvted, the principal ironmasters, when they 
heard of Corfs success, and Uio nipidity and economy 
with which he manufuctured and forged bar-iron, visited 
his ronn(U*ry for the pur{K>so of examining his process, 
and, if found expinlient, of employing, it at their own 
works. Amou':; the first to try it were Richard Crawshay 
of (VCartha, Siunuel I loin fray of Penydarran (both in 
South Wales), and William Reynolds of Coalbrookdale. 
Kichanl C^'awshay was then (in 1787) forging only ten 
tons of bar-iron weekly under the hammer; and when 
he saw the su|>erior processes invented by Cort, he read- 
ily (*ntei*ed into a contract with him to work under his 
patents at ten shillings a ton royalty. In 1812 a letter 
from Mr. Cniwshay to the Secretary of Lord Sheffield 
was ivad to the Mouse of Commons, descriptive of his 
method of working iron, in which he said: "I took it from 
A Mr. Cort, who had a little mill at Fontley in Hamp- 
shire : I have thus acquainted you with my method, by 
which I am now making more than ton thousand tons 
of bar-iron per annum." Samuel Homfray was equally 
prompt in adopting the new process. He not only ob- 
tained from Coit plans of the puddling-furnaces and pat- 
terns of the rolls, but borrowed Cort's workmen to instruct 
his own in the necessary operations ; and he soon found 



tha metliod so Buporior to that itivented hj Onions tiiat | 
he «ntircl7 confined liimeolf to manufftfturing alter Cort's 
pntent. We also fiud Mr. Reyncilda inviting Cort to con- 
duL-t a trial of his pi'ouese at Kclley, tliough it does not 
ii{ipeiir that it wns ndopled bv the linn at that time.* 

Tbe quality of the iron manufiwtured by the nuw pro- 
cess was fiMind sutisfiictory ; and tiio Admiralty having) 
hy the persous appoiuted by ihem to test it in 1787, p(«- 
uoimced it to be superior to tJie best Oregrounds iron, the 
use ol' the latter was then<.'cfoi'wariI' discunlinuud. and 
Curt's iron only was directed to be need lor the nni'hors 
l^aad other iron-work in tlie ships of tlie lioyal Nnvy, 
^Hhie merits of tlie invention stibm to ha,ve beun gvnoraUy 
^^Hncoded, and numerous uontrai^ts for licences were en- 
^^^«d into with C'Ort tuid his partner by the m»QU<iictorera 
!l of bar-iron throughout the couiitry.f Cort himself made 
arrangements for currying on tlie manufactore on a large 
seale, and with that objeut enlerod upon the possesBion of 

.ndnm-book of WiUiara Iloynolib nppeara ths fol- 

tt&ptqfapnpcrsifnloll. (hrl, F.iij. 

W V, Baynoldi saw U. 0. in a CrlaJ wliicb ha mmle &t lielle.v, Dea. 
KlTSl, produrarroni the sanie pig both cold ahorCand tnugli ip^ij iij 
lifttlMiorihe pn>ceit9 u^ed In redticiiig Ihem IVom thn slute orrngl> 
Drmalloibla or bar-iron i and in point nf yield Ilia processes 
qonl to Uiosa at Pitcbfard, irblcb did not Bxceeii Oia pro. 
ID of 31 cwt- To the too of bars. Tba axperrineat. vras nuule by 
aliiniping and potting tlie blooms or loops made iu h|B funmco, which 
lb<B produced B cold ihort Iron! hut when they were immediately ' 
«I uid drawn, the iron whi 

aid to have bsen deterred from 
g the prsceu bEcguie of w 

• melal. — abnut twenty-Ave per cent., — though, will 

lery muob dlminixheil. 

f Heury Cort," ptiblithed in Ilii 

'« ItngiaiRt (3 Deo. 18^9], ctnlsi that '' Ikeiu^ wera bikei 

10 yield Z7,600I. to lbs Qwoerj of Ilie palenta." 
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a wharf at Crosport, belonging to Adam Jellicoe, his part- 
ner's father, where he succeeded in obtaining considerable 
government orders for iron made ailer his patents. To 
all ordinarj cjes the inventor now appeared to be on tho 
high rood to fortune ; but there was a fatal canker at tlie 
root of this seeming prosperity, and in a few years the 
fabric which he had so laboriously raised crumbled into 
ruins. 

On the death of Adam Jellicoe, the fiither of Cort's 
partner, in August, 1789,* defalcations were discovered 
in his public accounts to the extent of 39,676/., and his 
books and papers were immediately taken possession of 
by the government On examination it was found that 
the debts due to Jellicoe amounted to 89,657/., included 
in which was a sum of not less than 54,853/. owing to 
him by tho Cort partnership. In the public investigation 
which afterwards took place, it appeared that the capital 
possessed by Cort being insufficient to enable him to pur- 
sue his experiments, which were of a very expensive 
clianicter, Adam Jellicoe had advanced money from time 
to time for the pur[)ose, securing himself by a deed of 
agreement entitling him to one half the stock and profits 
of all his contracts ; and in further consideration of the 
capital advanced by Jellicoe beyond his equal shai*e, Cort 
subsequently assigned to him all his patent rights as col- 
lateral security. As Jellicoe had the reputation of being 
a rich man, Cort had not the slightest suspicion of the 



• In tlie " Case of Henry Cort," by Mr. WebRter, above referred to 
{}fechanL*s Magazine^ 2 Dec. 1869), it is stated that Adam Jellicoe 
** committed suicide under the pressure of dread of exposure,*' but 
this does uot appear to be confirmed by the accounts in the newspa- 
])ers of the day. He died at his private dwelling-house, No. 14 High* 
bury Place, Islington, on tho 80th August, 1789, after a fortnight*! 
Ulness. 



^^^honree fruin whicli he obtained the advances made I^| 
^^H|um ta the 6nn, nor has any connivance iviiatevcr on H^M 
^^^knrt of Cort been su^ested. At the same lime it raolfl 
^^Bbo aflmitted that the connection was not free from suSm 
^^Rpicion, aad, to say the least, it was a singularly unfortuS 
^^^ Date one. It was found tliat among the moneys advanoe^l 
hy JcUicoe to Cort there was a sum of 27,500/. intruste^| 
to him for the payment of seamen's and officers' wage^| 
How his embarrassments bad tempted him to make ubh 
of the public fiinds for the purpose of carrying on hiM 
speculations appears irom his own admissions. In fli 
^^^ memorandum dated the 11th November, 1782, found aU 
^^Kjiis strong box after his death, lie set forth that he hajH 
^^Kulways had much more than his proper balnni'e in han^9 
^^Btmtil his engagement, about two years before, with MnM 
^^^rCort, ''which by degrees has so reduced me, tinU oi^S 
^^^^jtloyed so much more of my money than I exjiected, thaM 
^^HJl have been obliged to turn most of my navy bilb int^| 
■ cash, niiil at the same time, to my great concern, am vetiW 
deficient in my balance. This gives me great unensiueqfl 
r ehull I live or die in peac:e till the whole is restored-^l 
Wtta had, however, made the first false step, alter which 
e downhill career of dishonest ia rapid. His desperate 
mpta to set himself right, only involved him the 
'deeper ; his conscious breach of trust caused him a degree 
■ of daily torment which ho could not bear; and the dis- 
IcoreiJ of his defalcations, which was made only a fen 
ft days before his death, doubtless hastened his end. 

Tlie government acted with promptitude, as they wer 

l.bonnd to do in such a case. The body of Jellicoe m 

Kvorth nothing to them, but they could secure tho prop> 

Pti^ in which he had fraudulently invested the puhliff 

I intrusted to him. With this object, tlie the! 
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Fajmaster of the Navy proceeded to make 
in the Exchequer, that Heniy Cort wa& indebted, toi 
Majesty in the sum of 27,500/. and upwjii!d% io. 
of moneys belonging to the public treaBarjH) whidlu '^Adam 
Jollicoe had at different times lent and' advaoood tD.ttei 
said Ilenry Cort, from whom the same- now vomaiMi 
justly due and owing; and the deponent saitk he ^'arilj' 
believes that the said Henry Cort is mpchi decajedl ip* 
his credit, and in very embarrassed dtcaourtiaocwt; audi. 
therefore, the deponent verily believes, thai the.afopQsaidt 
debt so due and owing to HiB Majesty is ioi greai. dlmger 
of being lost if some more speedy meana be noU tfikisii ftQ 
the recovery tlian by the ordinary prooees of- the- GourtfT 
Extraordinary measures were therefiM^e adpptedv The 
assignments of Cort's patents, which had^ beQi) mad0 to 
Jcllicoe in consideration of his advances,. were. ta]cen.poa« 
session of; but Samuel Jellicoe, the souiof tfaei defaulter, 
singular to say, was put in possessipq of the p]ppeitieB«a|i 
FoDtley and Gosport, and continued to enjcQf( th^ 
Corfs exclusion, for a period of fourteen yeat*^ 
not, however, appear that any patent, ri^t 
levied by the assignees, and the result of tl)e pre 
was that the whole benefit of Cort's inventions 
made over to the ironmasters and to the public, 
estate been properly handled, and the patent Fi< 
under the contracts made by the irjonma^i^ 
been duly levied, there is little reason to doubti>iAthp(Ltltft 
whole of the debt owing to the goverjupenttwoi^ ■'jtflteT^ 
been paid: in the course of a few years. " WheiW^^Htt- 
feidor," says Mr. Webster, *♦ how very simple ^ mp: the 
process of demanding of the oontractipg ironmin U/jjeUk^ 
patent dues (which for the year. 1780 am^'£n|^tt 
15,000^, in 1790 to. 15,000/., and in- 1,79|1 toi*^ * Hiff^i 




4 



'<' vrtuvli (lemaiiil might have tjuun enfbi^ed by ibe 
t legal pi'occss used to I'uin t 
I li'ftcult la surmise tlie motive for alistaining." Tlio eas^^ 
J tou'erer, was nut »o simple ua Mr. Welisttr puis it; fof 
I ""W* was auch a contingency ns tbat of llii' 
I "WiUiining to dij^pute tlie patent right, ami there is every! 
n to believe that they Wei's prcjiared to adopt thai' I 

Ahhough the Cart pateots expired in 1796 aail 1708 I 
''•iwiively, they continued the subject of pubtic <)iscu»- 
a for eome time afler, moro particukrly ia wiineeliaa 

^ Tlilitig qonflmiedby (he npnit oT > Hcirh of Cominone CoinDiit- 

,;*• on l\ie subject (Mr. Davios GWixrt ehn[naan), iu ivJjicJi Ihoy buj! 

■-'nur committee linva iioE been nble to authlV ibei^selvsa Uiiit eitha^ 

^ Wio lwi> inTcntrpiis, one Tor fulijeotliip; cnst-iron lo nii oiiemtioa 

^*'4nild paddling duiiDK its converEloo U mntlsalite-it'Dn, nnd lh» 

J *kar Tor puiiug it thmngli Satsd or grouveiil; roUer!, Wfre to w>Tat 

,** lh«ir prinoipla or their applicnlipii a) fairly to enli.lle rlie petiIionB5% 

J-?^r. Cort'i snrvlso™] to a pntlinnmntflry rewMril." h is, hon-evar, 

A by Mr. Maeiiet that the evidmce wns nnt Mriy hiktn \<j Iha 

nittea,— that tbay wera overljorna by lh« nndnoity of Jtr. Samuat 

mlVaf , one o{ tlie great Welch iroiinuuten, wboee euiteuieut& vara. 

H. J^togMtiar " varinnce with known fauis, — arid lljiit it whr tindar hl» 

^^•lloenea rtiat BIr. Gilbert drew up tlis fBllncJoii" rpporl of ibo coio- 

''ikiUas. Ihe illuftrioua Jttmea WatI, writing U> Dr. Iflnok in I7S4, a* 

^■>tlie {run ptoduoed VX Can't, [iroccf^md: "Thmigl) I cannot fe^y 

^4Tl]y ugreB with yon an tu its goudi^E^, yet Ihcra i^ nia(;b ii^genuEty 

'■l tbs idea of form In g Ihe ban In thnl manner, irliich is the OTily part 

W bia pmoeiB which has any prefonaioni to iwvaHy Sir. Coil. 

Ust, M you ob««r**i been i'><">t iUlbeniUy treated iigr Iba (nule: Vteji 
*ie ignorant brutopi but. be eipnsod lilmwlf W." by showing thBm 1)^ 

tbroeaU betbre It nai pi^rTeft, nnd seeing his ignornnoo uf iba comiann 
a pW B um of ma king iron, Inushcd at and de'pisEd him; j-el Ibey will 
VHOlriV*^ bjr tuma dirty <vulnn to usa bla procaH, or Hich |Mrts i» 
^tj Jill*, wiUiout aeknawledt^ug him in, it. I «b«i11 be gind to bq, 
Miti to be of any n<e to bim." Watt'i rdloH' fealine was nalurall): 
^ell«d to favor nf the plundered inventor, ha himself liuviiig nil lila 
lUhbeM aaposed to Iba oKucks of Ilka plntttcal i 
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with the defalcations of the deceased Adam Jellicoe. It 
does not appear that more than 2,6') 4/. was realized by 
the government from the Cort estate towards the loss 
sustained by the public, as a balance of 24,846/. was still 
found standing to the debit of Jellicoe in 1800, when the 
deficiencies in the naval accounts became matter of pub- 
lic inquiry. A few years later, in 1805, the subject was 
again revived in a remarkable manner. In that year, thet 
Whigs, perceiving the bodily decay of Mr. Pitt, and be- 
ing too eager to wait for his removal by death, began 
their famous series of attacks upon his administration. 
Fearing to tackle the popular statesman himself, they 
inverted the ordinary tactics of an opposition, and fell 
foul of Dundas, Lord Melville, then Treasurer of the 
Navy, who had successfully carried the country through 
the great naval war with revolutionary France. They 
scrupled not to tax him with gross peculation, and 
exhibited articles of impeachment against him, which 
became the subject of elaborate investigation, the result 
of which is matter of history. In those articles, no ref- 
erence whatever was made to Lord Melville's supposed 
complicity with Jellicoe ; nor, on the trial that followed, 
was any reference made to the defalcations of that officiaL 
But when Mr. Whitbread, on the 8th of April, 1805, 
spoke to the ^* Resolutions " in the Commons for im- 
peaching the Treasurer of the Navy, he thought proper 
to intimate that he '^ had a strong suspicion tliat Jellicoo 
was in the same partnership with Mark Sprott, Alex- 
ander Trotter, and Lord Melville. He had been suffered 
to remain a public debtor for a whole year after he was 
known to be in arrears upwards of 24,000/. During 
next year 11,000/. more had accrued. It would not have 
been fair to have turned too short on an old companion. 



It would, perhaps, too, have been dangerous, i 
plcasnnt discovcrica might have niut the publiu 
looked very much as if, mutually conscious of crimiiialityj 
they liad Agreed In be sileut, and keep their own secrets.' 
In making these ofibosive observations, Wliithread wai 
manifestly actuated by political enmity. Tliey wen 
Dllerly un warrantable. Id tlie first place, Melville hod 
been formally acquitted of Jellicoc's deficiency by a writ 
of Privy Seal, dated Slat May, 1800 ; and secondly, the 
committee appointed in that very year (1B05) 
TCBtigBte llie naval accounts, had again exonerated him> 
but intimalcd that they were of ojiinion there was 
ness on his part in allowing Jelliroe to remain 
oQico after tlie disroveiy of his defalcations. 

In the report made by the commiasionera to the Houses 
of Parliament in 1805,* the value of Cort'a patents 
estimated at only 100/. Referring to the selicduh 
Jellicoe'e alleged assets, Ihey say, " Many of the debts 
are marked as bad ; and we apprehend that the debt 
from Mr. Henry Cort, not so marked, of 64,000t and 
upwards, is of that description." As for poor, bankrupt 
Henry Cort, these discussions availed nothing. On the 
death of Jellicoe, he leJl his iron-works, feeling himself 
a ruined man. He made many appeals to tlie govem- 
tal of the day for restoral of his patents, and offered to 
1 security for payment of tlie debt due by hia lirm to 
B Crown, but in vain. In 1794 an appeal was made 
■. Pitt, by a number of influential members of Par- 
aienti on behalf of the inventor and liis destitute fam- 
r of twelve children, when a pension of 200/. a year 
LI granted him. This Mr. Cort enjoyed until the year 
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1800, when he died, broken in health and tpirit, ia hii. 
Bixtieth year. He was buried in Hampstead Chnrohyai^ 
where a stone marking the date of his deatk ia sliU to ka 
seen. A few years since it was illegible, but it has v»» 
cently been restored by his surviving soik 

Though Cort thus died in comparative poverty, ke kud 
the foundations of many gigantic ibrtwieflh He iqaj b» 
said to have been in a great measure the author of ear 
modem iron aristocracy, who still manufkcture after the 
processes which he invented or perfected, but Ibr whiek 
they never paid him a shilling of royahy. These mok 
of gigantic fortunes have owed much — we might aknost 
say everything — to the ruined projector of ** tlie little 
mill at Fontley.** Their wealth has ennched nany ilun-* 
ilies of the older aristocracy, and has been thQ ibandation 
of several modern peerages. Yet Henry Cort, the ijock- 
from which they were Ixiwn, is already all but fbrgotten;» 
and his surviving children, now aged and inftrm, ave 
dependent for their support upon the slender pittance 
wrung by repeated entreaty and expostulation from tiie 
state. 

The career of Richard Crawshay, the Arst of tke> groat 
ironmasters who had the sense to appreciate ancb adopt 
the methods of manufacturing iron invented by Hionrj 
Cort, is a not unfitting commentary on the sad bistoryi 
we have thus briefly described* It shows howv as ie«^ 
spects mere money-making, shrewdness is more potenli 
than invention, and business Acuity than mapnfkctuvin^ 
skill. Richard Crawshay was born at Normanton, xeav 
Leeds, the son of a small Yorkshire farmer, lyben e 
youth, he worked on his father's farm^ and looked forward 
to occupying the- same condition in llfis ;, but a diffeseiuM 
with his father unsettlied hia mind, and 84i the age (£ ^ 



deteraained to hAve Lis liome, and seek h!s f' 

ewhere. Like most unsettled and entcrpriai 

first made for London, riding to town on a pony 

wn, wliitii, with tlie clolliea on Ids baeit, formed 

entiic fbrtunci It took liim a fortniglit to moke tlie 

tn consequence of' the bndnesa of the roads. 

in London, he eold his ponj for fifteen pounds, 

tlie money kept him smtil lio succeeded in finding 

iployment. He was ao fortunntc as to be taken upon 

A by a Mr, BJckiewilh, who Irepl an iranmonger's shop 

fork Yard, Upper Thames Street ; and liia first duly 

rnfl lo clean out Ilie ofSce, put the eloola and desks 

it for tlio other clerks, run errands, and act oa 

when (KWisiwi required. Young Crawshay was 

ntlKhtlre, induBtrioua, and shrewd, and hccame 

known in tlie offii-e tw " the Yorkshire Boy." Chiefly 

because of his " rntenesH," Ids master apjwinlcd hira to 

department of selling flat-irons. The London washcr- 

len of that day were very sharp and not very honest, 

it used to be eaid of them, that, where they bought 

lUtHTOD, they generally contrived to steal two. Mr. 

licklewith thought he could not do better than set the 

Torita hi reman to watch the waslierwomen, and, by way 

rf inducenient to him to he vigilant, he gave young 

imliay an Interest in that branch of the businest, 

WB9 BOOH found lo jirospcr under his chat^. After 

few more yem-a, Mr. Bicklewith retired, and left to 

iiTBhay the cflst-iron businesB in Yni'k Yard. This 

he •till further increased. Tliere wna not at that time 

IDucb enterprise in the iron trade, hut Crawahay endeav- 

oni to connect himself with what tliere was of it. Tha 

price of iron wm then very high, and the best sorts were 

■tiU imported from abroad ; a good deal of the foreign 
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iron and steel being still lauded at the Steelyard, on the 
Thames, in the immediate neighboriiood of Crawahaj'fl 
ironmongery store. 

It seems to have occurred to some London capitalists 
tliat money was tlien to be made in the iron trade, and 
that South Wales was a good field for an experimenL 
The soil there was known to be full of coal and iron-stone^ 
and several small iron-works had for some time been 
carried on, which were supposed to be doing welL Mer- 
thyr Tydvil was one of the places at which operations 
had been begun ; but the place being utuated in a hill 
district, of difhcult access, and the manufacture being 
still in a ver}' imperfect state, the progress made was for 
some time very slow. Land containing coal and iron 
was deemed of very little value, as may be inferred 
from the fact that, in the year 17 05, Mr. Anthony Bacon, 
a man of much foresight, took a lease from Lord Talbot, 
for ninety-nine years, of the minerals under forty square 
miles of country surrounding the then insignificant hamlet 
of Merthjr Tydvil, at the trifling rental of 200^ a year. 
There he erected iron-works, and supplied the govern- 
ment with considerable quantities of cannon and iron 
for different purposes ; and, having earned a competency, 
he retired from business in 1782, sub-letting his mineral 
tract in four di^Tsions, — the Dowlais, the Penydarran, 
the Cyfartha, and the Plymouth Works, north, east, west, 
and south of Meilhyr TydviL 

JSIr. Richard Crawshay became the lessee of what Mr. 
Mushet has called '^ the Cyfailha flitch of the great 
Bacon domain." There lie proceeded to carry on the 
works established by Mr. Bacon with increased spirit; 
his son William, whom he left in charge of the iron- 
mongery store in London, supplying him with capital to 



1 into tlie iron-works as fast as he couM cam it by the 
fetail trade. In 1787, we find Riclmrd Craueliny miii 
ring with difficulty ten tons of bar-iron weekly, n 
very infriior diararter,* — the means i 
mTuig yt>I Leeii devised at Cyfartha for raalleaUkiziogfX 
! pit-coal rasl-ii-on ■with economy or good effect, YetM 
Cntwshay round a ready market for aU the iron he could fl 
ike, and he Is eaid to have counted the gains of ths 4 
le-hammer close by his house at the rate of a penny 4 
t Btrok«> In course of time he found it necessary t 
reel new furnaces ; and, having adopted the procesaeB 1 
ievented by Henry Cort, he was thereby enabled greiillyi 
ta inerease the production of his forges, until, in 1813,1 
we find him stating to a committee of the House d | 
_Cbnoiions that he was making ten thousand Ions ( 
s yearly, or an average produce of two Imndre 
But this quanlitv, great though it wi 
I been largely increased, the total produce of the 1 
ntwahay fui'naees of Cyfarthn, Ynysfach, and Kirwaa J 
J upwards of filly thousand tons of bar-iron yearly. 
' The distance of Merthyr from Cardiff, the nearest port, .1 
I considerable, and the cost of carriage being 
Bttt by reason of the badness of the roads, Air- Craw- 

f set himself to overcome this great iropeJin" 
i proBperily of the BIcrtliyr Tydvil district ; t 
faigtinc^oii with Mr, Homfray of the Pcnydarran Work^ 1 

«t Morlhy* \ 
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_ • llr. MaihBt Enja of thi 
TjdvlJ, tliiLt *^A modiGcatic 
»b wi>rkwi wtth coke ai a aubstilutfl for ctiarcoal, but the hnr-i 
tuunmeied from the proJuce wu very inrerior." Tbs pit-con] lu 
1(00 (FBI nevcrtlielBU found of a superior quiility for cnstlngf, be 
« Aisllile and more bmaoeeneaiii Uion chnrcoul-iron. Henci 
^Vu well iHliipteil fur crtidoq, wliicli was for Bome tinio the priaci 
uufkcmre at ths Welsh works. 
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he planned and constructed the eiEUial* to Oudifi^ the 
opening of wfaieb, in 1795, gave An immense impetus to 
the iron trade of the neighborhood. Numerous other 
extensive iron-works became established there^ until 
Merthyr Tydvil attained the reputation of bdng at onoe 
the richest and the dirtiest distHct in all Britain. Mr. 
Crawshaj becakne known in the west' of England as the 
'' Iron King," and was quoted as the highest authority ia 
all questions relating to the trade. Mr. Ge<»^ Craw- 
shay, recently describing the founder of the family at 
a social meeting at Newcastle, said: ^Ib these days a 
name like ours is lost in the infinity of glreat manufae^ 
turing firms which exist throughout the land; but in 
those early times the man who opened out the iron dis- 
trict of Wales stood upon an eminence seen by all the 
world. It is preserved in the traditions of the family 
that when the * Iron King ' used to drive from home in 
his coAch-and-four into WaliBS, all the countiy turned out 
to see him, and quite a commotion took place when he 
passed through Bristol oh his way to the wori^s. My 
great-grandfather was succeeded by his son, and by his 
grandson ; the Crawshays have followed one another fot 
four generations in the iron trade in Wales, and there 
they still stand at the head of the trade." The oocaskm 
on which these words were uttered was at a Christmas 
party, given to the men, about 1800 in nutnber, employed 
at the iron-works of Messrs. Hawks, Crawshay, & Co., 
at Newcastle-upon-Tyne. These works were founded 

* It may be worthy of note that tlie first locomotive mn upon a 
railroftd was that constructed by Trevithtck for Mr. Homfray in 1808, 
which was employed to bring down metal from the furnaces to the 
Old Forge. The engine was taken off tlie road because the tram- 
plates were found too weak to bear its weight without breaking. 
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In 1754 by WBliam Hawks, a blacksmith, whose prin- 
cipal trade consisted in making claw-hammers for joiners. 
He became a thriving man, and eventually a large manu- 
facturer of bar-iron. Partners joined him, and in the 
coarse of the changes wrought by time, one of the Craw- 
shays, in 1842, became a principal partner in the firm. 

Illustrations of a like kind might be multiplied to any 
extent, showing the growth in our own time of an iron 
aristocracy of great wealth and influence, the result 
mainly of the successful working of the inventions of the 
unfortunate and unrequited Henry Cort. He has been 
the very Tubal Cain of England, — one of the principal 
founders of our iron age. To him we mainly owe the 
abi^nd^oe of yrought-iron for machinery, for stcam-en- 
gineSy apd for railways, at one third the price we were 
before accustomed to pay to the foreigner. We have by 
his inventions, not only ceased to be dependent upon 
other nation? for our supply of iron for tools, implements, 
and anps, but we have become the greatest exporters of 
iron, producing moi*e than all other European countries 
combined. In the opinion of Mr. Fnirbaim of Manches- 
ter, the inventions of Henry Cort have already added six 
hundred miliipns sterling to the wealth of the kingdom, 
while they have given employment to some six hundred 
thoQBand wprking people during three generations. And 
while the great ironmasters, by freely availing themselves 
pf his inventions, haye been adding estate to estate, the 
CHily estate secured by Henry Cort was the little domain 
of six feet by two in which he lies interred in Ilampsteod 
Churchyard. 



CHAPTER VIII. 

TuE Scotch Iron Manufactuke. — Db. Roebuck. 

— David Mushet. 



** ^Vcre public benefactors to be allowed to pass away, like hewen of wood and 
drawers of water, without commemoration, genius and enterprise would bo dO' 
prived of their most coveted distinction." — Snt Uknbt EaiGUtnsLA. 



The account given of Dr. Roebuck in a Cyclopfedia of 
Biograpliy, recently published in Glasgow, runs as fol- 
lows : " Roebuck, John, a physician and experimental 
chemist, born at SheflReld, 1718 ; died, after raining him- 
self by his projects, 1794." Such is the short shrift 
"whicli the man i*eceives who fails. Had Dr. Roebuck 
wholly succeeded in his projects, he would probably have 
been esteemed as among the greatest of Scotland's bene- 
factors. Yet his life was not altogether a failure, as we 
think will sufliciently appear from the following brief 
account of liis labors : — 

At the beginning of last century, John Roebuck's 
father carried on the manufacture of cutlery at Shef- 
fi(;l(l,* in the course of which he realized a competencj. 
He intended his son to follow his own business, but the 
youth was irresistibly attracted to scientific pursuits, in 
which his father liberally encouraged him; and he was 
plarcd first under the care of Dr. Doddridge, at North- 

* Dr. Rocbiick*s grandson, John Arthur Roebuck, by a singnlir c&* 
inciileuce, ut present represents Sheffield in the British Parliamenti 



ipton. and aflerwaria at tlie TJniveraity of Edinburgh, 
he applied himself to the study of medicine, and 
iCiaJIy of chcmlslry, which was then attracting c 
^ttble attention at the prii)ci|>al seata of learning in 
itland. Wliile residing at Edinburgh young Rocbuek 
itraeled many intimate friendaliips with men wiio ailer- 
became eminent in literature, euch as Hume and 
»bert3on ihe historians, and the circumstance ia sup- 
posed to have contributed not a little to liia partiality in 
favor of Scotland, and hia afterwards selecting it as the 
field fur Lis industrial operittiona. 

Aller graduating as a physician at Leydon, Roebuck 
rClui-neU to England, and settled at Birmingham in the 
year 1745, for the pur[iose of practising hia profession, 
ngham was then a principal seat of the metal maiiu- 
ture, and its mechanics were reputed to be among the 
stilled iu Britain. Dr. Roebuck's attention was 
:}y drawn to the acarcily and deamess of the material 
ID which the mechanics worked, and he sought by experi- 
ment to devise some method of smelting iron otherwise 
tlian by means of charcoal, lie had a laboratory fitted 
up in bis house for the purpose of [iroseenling his inqui- 
ries, and there he spent every minute that lie could spare 
from his professional labors. It was thus that he in- 
ited the process of smelting iron by means of pit-coal 
del) he afterwards embodied in the patent hereafter to 
referred to. At the same time lie invented new 
lliods of I'efliiing gold and silver, and of employing 
in the ar(», which proved of great pi-actical value to 
Birmingliam tradesmen, who made extensive use of 
in their various processes of manufactm'e. 
Roebuck's inquiries had an almost exclusively 
tical direction, and in pursuing them his main ob* j 



Birm 

Hufitctui 
Boet 
■«H-1y 




172 IKDUSTBIAL BIOGQAPHT. 

ject was to render tbem subservient to the iipproTcnnept 
of the industrial arts. Thus he sought to devise more, 
economical methods of producing the various cliemjcnls 
used in the Birmingham trade, such as ammoniAi svUir 
mate, and several of the acids ; and his success was su^'h 
as to induce him to erect a large laboratory for their 
manufacture, which was conducted with complete success, 
by liis friend ]!ilr. Garbett. Among his inventions of this 
character, was the modem process of manufacturing vitri- 
olic acid in leaden vessels, in large quantities, instep of 
in ghiss vessels, in small quantities, as formerly practisedf 
His success led him to consider the project of establishing 
a manufactory for the purpose of producing o^ of vitrio} 
on a large scale ; and, having given up his practice 9S a 
physician, he resolved, with his partner Mr. GigHbetti to 
establish the proposed works in the neighborhoo4 of 
Edinburgh. He removed to Scotland with that ol^ect, 
and began the manufacture of vitriol at Prestonpans in 
the year 1749. The enterprise proved eminently lucra- 
tive, and, encouraged by his success, lioebuck procee^e^ 
to strike out new branches of manufacture^ He started 
a potteiy for making white and brawn ware, which even^ 
ually became established, and the manufacture exists in 
the same neighborhood to this day. 

The next enterprise in which he became engaged wa3 
one of still greater importance, though it proved emi- 
nently unfortunate in its results as. concerned himself. 
While living at Prestonpans, he made the friendship of 
Mr. William Cadell, of Cockenzie, a gentleman who had 
for some time been earnestly intent on developing the 
industry of Scotland, then in a very backward condition 
Mr. Cadell had tried, without success, to establish a 
manufactory of iran ; and, though he had heretofore failed, 
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lie hoped that witii the aid of Dr. Roebuck he 
flti(*(«cd> The Doctor listened to liis 
interest, and embraced the proposed enterprise nith zeajla< 
He immedmtely proceefled to organijo a company, ftt 
which he was joined by a number of his friends and rpJft* 
lives. His next step was to select a Bite for the intended 
works, and make the necessary arrangementa fia- bpgin* 
ning the manufacture of iron. After carefully exainifiing 
the country on both eidcs of the Forth, ho at length made 
choice of a site on the banks of the river Carron, in Stir- 
lingahire, where there was an abundant supply of water, 
Dud an inexhaustible eupply of iron, coal, and limestone 
ia tlie tminediate Tieighhnrhood, and there Dr. Roebuck 
phinted the first iron-works in Scotland. 

In order to carry them on with the best chances of swe- 
C838, he brought a large number of skilled workmen from 
England, who formed a nucleus of industry at Carron, 
whepe their example and improved methods of working 
ierred to train the native laborers in their art. At a 
iuh3e{[Henl period, Mr, Caiieli, of Carronpark, also brought 
ft Dumber of skilled English nail-makers into Scotland, 
and settled them in the village of Camelon, where, Irj* 
leaching others, the business has become handed down ttt 
the present day, 

The first furnace was blown at Carron on the first day 
of January, 1760 ; and in the course of the same year 
the Carron Iron-Works turned out Uneen hundred tons 
of iron, then the whole annual produce of Scotland. 
Other furnaces were shortly after- erected on improved 
pliiu, and the production steadily increased. Dr. Rue- 
in' lefnliguble in his endeavors to Improve the 
nunufacturt, and ho was one of the first, as we have said, 
to revive the use of pit-coal in refining the ore, as appean 
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from his patent of 1762. lie there describes his new 
procetis as follows : '* I melt pig or any kind of cast-iron 
in a hoarth heated with pit-coal by the bkist of bellowa^ 
and work tlie metal until it is reduced to nature, whick I 
take out of the fire and separate to pieces ; then I take 
the metal thus reduced to nature and expose it to the 
action of a hollow pit-coal fire, heated by the blast of 
bellows, until it is reduced to a loop, which I draw out 
under a common forge-hammer into bar-iron." This 
method of manufacture was followed with success, though 
for some time, as indeed to this day, the principal pro- 
duction of the Carron Works was castings, for whidi the 
peculiar quality of the Scotch iron admirably adapts it 
The well-known Carroimdes,* or "Smashers," as tliey 
were luuned, were cast in large numbers at the Carron 
Works. To increase the power of his blowing apparatus. 
Dr. Roebuck called to his aid the celebrated Mr. Smea- 
ton, the engineer, who contrived and erected for him at 
Carron the most perfect apparatus of the kind then in 
existence. It may also ho added, that out of the Carron 
enteri)risc, in a great measure, sprang the Forth and 
Clyde Canal, the first artificial navigation in Scotland. 
The Carron Company, with a view to securing an im- 
proved communication with Glasgow, themselves surveyed 

* The carronade was invented by General Robert Melville [Mr. 
Kns^myth says it "was by Miller of Dalswinton], who proposed it for 
dincharging sizty-eiglit pound shot with low charges of powder, iu 
order to produce the increased splintering or smashing effects which, 
were known to result from such practice. The first piece of the kind 
was cast at the Carron Foundery, in 1779, and General Melville^s family 
have now in their possession a small model of this gun, with the 
inscription : ** GiH; of the Carron Company to Lieutenant-General 
Melville, inventor of the smashers and lesser carronades, for solid, 
ship, shell, and carciiss shot, &c. First used against French ships 
in irTS.** 
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ermineil opposition of ihe land-owners ; but tlie pi 
I again revived, tiiroiigli their racitnB, and ^ 
eventunlly carried out ii!\ci- the designs of Smeaton and 
Urinillfj-. 

I TVliilu tlie CniTon founder/ was pursuing a career c 
|fc prosperity, Dr. Roebuck's enteipi'iao led hira 1 
pbnrk in conl-mining, with the ohject of secui'ing s 
^troved supply of fuel for the irou-worlts, lie became 
e lessee of tlie Duke of Hamilton's esteiisivi' coal-mines 
I Borouglistouess, as well as of the salt-pans which were 
pnectcd with tliem. The miinsion of Kmneil w 

i lease, and llicre Dr. Roebuck and bis family 
L Up tlieir abode. Kinneil House wis formerly a 
_pititry neat of the Dukes of Hamilton, and is to this day 
ft Blutely old mansion, reminding one of a French cliateau. 
Its situiilion is of remarkable beauty, its windows ovet^ 
m looking the broad expjinsc of the Fiilh of Forth, anil 
^^BniniAnding an extensive view of the country along ita 
^^Klhcm eliores. The place has become, in a measure, 
^HEeniL-ali KinncU House having been inhabited, since 1 
^^Soebuck'e time, by Dugald Stewart, who there wrote bia 
I'lulosophJcal Essaj'S.* 

' W'ilkle llie pninter once pnid him n visit thsv while in Scotliind 

nny Waddiiig"; aiiil DudiOa Slewurt 

d tn bim the old riirm-houKe witb the cmdle-chlmiie)', wlilch he 

adUG«l in thnt picture. Rut Kinneil H<iti«« hna hnrt ftx Imnttlnary 

ibilnnn n* n-tll as ill rani rniai, the ghoil of a Liidy Lillium, ooo* 

It of Ihe pince, Mill "hrninling" Kiine o( tlie uiioccujiied 

ben. Du^ld Slewnrt lidd Wilbie one n'lgbt, w he viis f,i''"'i 

d, ofthB urieHMhiy niiillngs wiiicii he himi^lf lin.l heiin! pmceo.l- 

n the aid epnrUnente; but to him >t leut lliey hud beeu ex- 

iiiiMl by Hn old door opening out upon Ihe roof being binwu in oa 

mtf n1ghl», when a jarring and creaking noi?o was heard all o»Br 

One advaalage derived from Cite bouMi being " baauted ' 
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Wlicm Dr. Ilocbuck began to sink for oool mi the 
iriiii(;H, he found it neces-sarj to erect pum ping-inachineiy 
of the nuMt iK)werfuI kind that could be contrived, in 
onl«;r to kecj) the mines clear of water. For this parpoee 
the iVew<:f)inen eii;^ne, in its then state, was foand insoF' 
n<'.i(;rit ; and when Dr. Iloebuck*s friend. Professor BLu^of 
Kdiiibur^Ii, informed him of a young man of his aoqmunt- 
Hti(!4;, a mathematical-instrument maker at Glasgow, haT- 
tuH invented a steam-engine calculated to work with 
incrreiised power, speed, and economy, compared with 
New(*onien*s, Dr. l^)ebuck was much interested, and 
HJiortly iidiT entered into a correspondence with James 
Wilt I, the inatheniatical-instrument maker aforesaid, on 
the Hiihjci't. The Doctor urged that Watt, who, up to 
that t'nn<*., Iiad cofifnuul himself to models, should come 
over to Kinneil House, and proceed to erect a worldng 
engine in one of tlie outbuildings. The English work- 
men wlioni he liad brought to the Carron works WDold, 
ho juHtly tli(»ught, give Watt a better chance of success 
witli hirt engint!, tlian if made by the clumsy whitesmiths 
and lilaekHmitli.s of (Glasgow, quite unaccustomed as they 
weni to tiivt-claHrt work ; and he proposed himself to cast 
tlie (•yliiulei's at Carron, i)revious to Watt's intended visit 
to him at Kinneil. 

Watt paid his promised visit in May, 1768, and Roe- 
buck w!is by this time so much interested in the invention, 
that the subject of his becommg a partner with Watt, 
with the object of introducing the engine into general 
use, was seriously discussed. Watt had been laboring at 
Ills invention for several years, contending \vith many dif- 

was, that the garden was never broken into, and the winter apples and 
■toi-08 were at all times kept safe from depredation in the apartments 
of the Lady Lilbum. 
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ficiiltics, but ospefially with the main (iifliculty of limited 
meaoB. He liad borroweJ considerable Bnma of money 
Dr. Black to enable him to prosecute his experi- 
its, and be felt the de^it to hang like a inilUtone round 
neck. Wall was a aicVly, fnigile man. Rnd a constant 
from violent Iieadachea ; besides lie was by nature 
id, desponding, pmnrnlly anxious, and easily cast down 
failure. Indeed, he was more than once on the point 
rtf aliBndontng his invention in despair. On tlie oilier 
hand. Dr. Roehock was accustomed to great enterprises, 
bold and undaunted man, and disregrtrdful of c.xi>ensB 
where he saw before Itim a rensonable prospect of 

ilia reputation as a practiciil chemist and pliiloso- 
and his success ns the founder of the Presionpans 
Chemical Works and of the Carron Iron-Works, justified 
the frienils of Wall in thinking that he was of all 
the best calcuhied to help him at this juncture, and hence 
lliey sought to bring about a more intim; 

the two. The result was, that Dr. Roebnek 
MtSty becftnae a partner to the extent of two thirds 
invention, took upon him the debt owing by W 
b> Dr. IJlai'lc, amounting to about 1,200/., and undertook 
to find the requisite money to protect the invention by 
means of a piitent. The neceaaary steps were taken s 
cordingly, and the ptrtent right was secured by the begi 
iiing of 1769, though the perfecting of his nmdol oWrt 
Watt much furtlier ansiely and study. 

necessary for Watt oecasionnlly to reside with 
f. Roehnck at Kinneil Houiw while erecting his first 
pne there. It Imd been oi-iginnlly intondeil lo erect Jl 
in tire neighboring town of Bo rou;rhs tones?, bnl na tlivrt 
might be prying eyes there, and Walt wished to do hi 
work in privacy, deiennined " not lo puff," he 'at len^-i 
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fixed upon an outhouse still standing, dose behind the 
mansion, bj the burnside in the glen, where there was 
abundance of water and secure privacy. Watt's extreme 
diillJence was often the subject of remark at Dr. Boe* 
buck*s fireside. To the Doctor his anxietj seemed quite 
painful, and he was very much disposed to despond under 
apparently trivial difficulties. Roebuck's hopeful nature 
was his nuunstaj throughout Watt himself was ready 
enough to admit this ; for, writing to his friend Dr. Small, 
ho once said : '* I have met with manj disappointments ; 
and I must liave sunk under the burden of them if I 
hud not been supported by the fiiendship of Dr. Roe- 
buck." 

But more serious troubles were rapidly accumulating 
upon Dr. Roebuck himself ; and it was he, and not Watt, 
that sank under the burden. The progress of Watt's 
engine was but slow, and long before it could be applied 
to the pumping of Roebuck's mines, the difficulties of the 
undertaking on which he had entered overwhelmed him. 
The opening out of the principal coal involved a very 
heavy outlay, extending over many years, during which 
he sank not only his own but his wife's fortune, and — 
what distressed him most of all — large sums borrowed 
from his relatives and friends, which he was unable to 
repay. The consequence was, that he was eventually 
under the necessity of vrithdrawing his capital from the 
refining works at Birmingham and the vitriol woiks at 
Prestonpans. At the same time, he transferred to Mr. 
Boulton of Soho his entire interest in Watt's steam- 
engine, the value of which, by the way, was thought so 
small that it was not even included among the assets; 
Roebuck's creditors not estimating it as worth one fiuv 
thing. Watt sincerely deplored his partner's misfortunes, 



Mit oonld not help Lim. " He has been a roost sincere 
IS friend," anid "Waft, " and ia a truly worthy 
ftgnin : " My heart bleeds for him, h 
o nothing to help liim ; I have stuck by him till I have 
I liurt myself; I con do so no loiifrer; my family 
for my care to provide for them," The lalcr yeare 
«f Dr. Koebuck's life were epent in comparative obacti- 
rity; and he died in 1704, in hia 7Gth year. 

He lived to witness Ihe success of the steam-en^'ne, 
fte opening up of the Boroughstonesa coal," and the 
rapid estenaiou of the Scotch iron trade, though he 
shared in the prosperity of neither of those brunches 
of industry. lie bad been Tforldng ahead of his age, 
and he suffered for it. He fiiU in the breach at the 
critical moment, and more fortunate men marched over 
Lis body into the fortress which his enterprise and valor 
Iiad mainly contributed to win. Before his great under- 
taking of the Carron Works, Scotland was entirely de- 
Fjiendent upon other countries for ils supply of iron. In 
■ITGO, the iir«t year of its operaliona, the whole produce 
Bwdfl 1,500 tons. In course of time other iron-works were 
Ferected, at Clyde Oeugh, Muirkirk, and Devon, — the 
■managers and overaeers of which, as well as the work- 
Koen, had mostly received their training ami experience 
[RtCarPon, — until at length the iron trade of Scotland 
IS assumed such a roagnitude that its manufacturers are 

" Dr. Boobnok hnd hem on tho brink of (trent good fortune, but bs 
'id nnC know ll. tir. RLilph Miiore, in hia " Pnptn m At Slack-band 
G]]i!<^v, 18al), obMrrea: " StrHiige to say, l)o was lenv- 
Igbabtlitl lilm. (tlmoitiis the roof of one of Ibe eenma of conl which 
M WM-kad, ■ vnlunbls blick-bnnd iron-stona, upon which Einnell Iron- 
Wortu nn now founded. The cnnl-fiold continued to bo worked antil I 
WoccIdeittiU discovery of Ibe IdKck-baud, abont IBU. Tbeoldooal- I 
ssd for working the iroa-etone." 
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cnabltJ to exiMirt lo Englruid and other 
wnrils of 500,000 tona a year. How difTerent this a 
of tilings Trom the lime ivlicn rmila ivcre made a 
Boriler for the pHqwse of ohtaiiiing a store of iron pld 
dcr to be oirrieil hack into Scotland ! 

The extraordinary expansion of tlic Scotch i 
of lute years has been mainly due to the discoverffl 
David Blushet of the Black-Band iron-stone in 1801J 
the invention of the IIot-Blaat liy James Beaum 
Bon in 1828. David Mitshet was lorn at Dalkeith.J 
Kdinburgli, in 1772.* Like other members of his & 
he was hrouglit up to metal -fouiuling. At the ij 
nineteen he joined the Btnff of the Clyde Iron-tVanl 
near Glasgow, at a time when the Company \^ a 
two blast-fumaees at work. Tlie ofliec of acooaian^ 
which he held, preeluiled him from taking anj part m 
the manufacturing operations of the concern, lit feinj 
of a speculative and ingenious turn of mind, threid 
able conversions winch iron uiidcnvent 

manufai.'ture very shortly began to occupy lilaillentlon 

Tlie subject was much discussed by the youngien about 
the works, and they frequently had occasion > refer to 
Foureroy's well-known book for tlie purpose (determin- 
ing various questions of dificrence which ase among 
lliem in the course of their inqiiiries. Tl hook was, 
however, in many respects, indecisive and latisfactory j ■ 
and, in 1793, when a reduction took plaon the Cora- 
pony'fl staff, and David Slushot was left irly the solo 

• Tbs Ha^lieti >ra kd old KEncnniinc rnniil v ; hr«r were nlmofC 
exllngnisheil hy the pingue iu tlie rei|Tii r>r Clmrlet Second. 
nnniben were tUeo reduce^ to twq; one of whom "ined at K 
dine, uiJ iho other, ■ clergvnun, tlis Rev. George hot, iccoiiipBni,j 
Montrow aj chaploiD. Ha U buried in Kincardii'Tchjuro. 
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'Oteupaul of the office, he defermiaed to P^ta<]j Ihe aiibjeet 
for himsi'lf experimentally, and in the first place lo ac- 
quire a tliorough knowledge of aasajing, as tlit true key 
lo the wliole art of iron-making. 

He first set up his crui^ible upon the bridge of Qia 
reverberatory furnace used for melting pig-iron, and filled 
It with a mixture carefully compounded according to thb 
fonauLi of the books ; but, notwitbslaading tile shelter 6f 
a briek, placed before it to break the action of the flame, 
the crucible generally split in two, and not urlfrequenlly 
melted and disappeared altogether. To obtjiin better re- 
sulla, if poaaibte, he nest had recourse to tli'e ordinary 
smith's Are, carrying on his experiments in Ilie evenings 
afVer oflice-hours. lie set his erucible upon tlio fire, on a 
piece of fire-brick, opposite the nozzle of the bellows ; 
covering the whole with coke, and then exdiing the flaUie 
by blowing. Tins mode of operating produccii somewhat 
better results, but still neither the iroh nor the cinder ob- 
tained resembled the pig or scoria of the IdaSl-fui'nace, 
vfliieh it was his ambition to imitate. FroOi iht irregu- 
larity of the results, and the frequent failure of tlio cru- 
cibles, lie caine to the conclusion that either his IVi'mace, 
or bis mode of fluxing, was in fault, and he looked about 
him for a more convenient rneaiia of pursuirtg his cxfieri- 
nients. A small, square furnace had been erected in the 
works for the purpose of heating the rivets uSed for the 
repair of steam-engine boilers ; the furnace had Ibr i'^ 
chimney a cast-iron pljie sijt or seven inches in diameter 
and nine fiiet long. After a few trials with it, he raised 
llie heat to 9ueh an extent that the lower end 6f the pipe 
was melted off, without producing any very satisfaelory 
yesults on the experimental crucible, and bis operations 
1 brought to a stand-still. A chimney of briek 
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haying been substituted for the cast-iron pipe, he WSB, 
however, enabled to proceed with his trials. 

lie continued to pursue his experiments in assaying for 
about two years, during which he had been working en- 
tii-ely afler the methods described in books ; but, feeling 
the results still unsatisfactory, he determined to borrow 
no more from the books, but to work out a system of his 
own, which should insure results similar to those pro- 
duceil at the blast-furnace. This he eventually succeeded 
in effecting by numerous experiments performed in the 
night ; as his time was fully occupied by his office duties 
during the day. At length these patient experiments 
bore their due fruits. David Mushet became the most 
skilled assayer at the works ; and when a difficulty oc- 
curred in smelting a quantity of new iron-stone wbicli 
had been contracted for, the manager himself resorted to 
the bookkeeper for advice and infoimation ; and the skid 
and experience which he had gathered during his nightly 
labors enabled him readily and satisfactorily to solve the 
dilRculty and suggest a suitable remedy. His rew^ard for 
this achievement was the permission, which was imme- 
diately granted him by the manager, to make use of his 
own assay-furnace, in which he thenceforward continued 
his investigations, at the same time tliat he instinicted the 
manager's son in the art of assaying. This additional 
experience proved of great benefit to him ; and he con- 
tinued to prosecute his inquiries with much zeal, some- 
times devoting entire nights to experiments in assaying, 
roasting, and cementing iron-ores and iron-stone, decar- 
bonating cast-ii*on for steel and bar-ii*on, and various like 
operations. His general practice, however, at that time 
was, to retire between two and three o'clock in the morn- 
ing, leaving directions with the engine-man to coll him at 
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if paet five, so as to lie present in tlie office at six. But' 

e praiseworthy experiments were brouglil to a sudileii 

md, as ttius described by Iiimaelf : — 

" In the miilal of my carKer of iaresti gallon," says lie," 

ind without a cause being assigned, 1 was slopped short 

My furnaces, at the order of tlie manager, were pulled id 

pieces, and an edict was passed tiiat ttiey should never be 

trected again. Thus terminated my researches at ihe 

pClyde IroQ-'Works. It happened at a time when I was 

Interested — and I had been two yeara previously 

n attempt to convert cast-iron into steel, 

put fusion, by a. process of cementation, which Lad for its 

itgect the dispei'sion or absorption of the superfluous car- 

■n contained in the caet-ii-on,- — an object which at tlint 

ime Appeared to me of so great importance, that, «ith 

e couseat of a friend, I erected an assay and cementing 

iirnace at the distance of about two miles from the Clyde 

JVorfcs. Thitber I repaired at niglit, and sumelimea at 

I breakiast imd dinner houra during tlie day. This 

a of opei'ation was persevei'cd in for tlie wliole of one 

er, bul was found too uncerLiin and laborious to be 

poatinucd. At the latter end of tlie year 1738 I Ictt my 

aibera, and removed from the Clyde Works to the dia- 

iDce of about a mile, where I constructed several furnaces 

for assaying and cementing, capable of exciting a greater 

temperature than any to which I before had access ; aud 

thus for nearly two years I continued to carry on my 

investigations connected with iron and the alloys of the 

leluls. 

" Though operating in a retired manner, and holding 

s communi cation with others, my views and opinions 

e rationale of iron-making spread over tlie eslab* 

im and Sled. By David MqsLbI. LondoD, ISir 
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lishment. I was considered forward in afibc^n^ to 'deb 
and explain matters in a difierent way from others who 
were much my seniors, and who were content to be 
satisfied ^vith old methods of explanation, xxr 'mth no 
explanation at all. . . . Notwithstanding theise early 
reproaches, I have lived to see the nomencliature of 
my youth furnish a vocabulary of terms in thte Sirt bf 
iron-making, which is used by many of the ironmas- 
ters of the present day with freedom and eiffect, in 
communicating with each other on the subject of their 
resi>ective manufactures. Prejudices seldom outlive the 
genoration to which they belong, tvhen opposed by a inore 
rational system of explanation. In this respect, Time (as 
my Lord Bacon says) is the greatest of all innovtotbrs. 

" In a similar manner. Time operated in my favor, in 
respect to the Black-Band Iron-stone.* The discovery of 
this was made in 1801, when I was engaged in erecting 
for myself and partners the Calder Iron-Woiks. Great 
prejudice was excited against me by the ironmasters and 
others of that day in presuming to class the wild Hdals of 

• This vftbmble description of iron ore wfta discovei^d by Mr. Hftishet, 
as he afterwards informs us {Papers on Iron and Steely 121 ), in the year 
1801, when crossing the river Calder, in the parish of Old ^lonkland. 
Having subjected a specimen which ho found in the rivfer-be'd to The 
test of his crucible, he satisfied himself as to its properties, add pro- 
ceeded to ascertain its geological position and relations. He shortly 
found that it belonged to the upper part of the coal-formation, and 
hence he designated it carboniferous iron-stone, lie prosecuted his 
resenrches, and found various rich beds of the tolnei^al -dis^ibuted 
throughout the western counties of Scotland. On analysis, it wbs 
found to contain a little over fifty per cent of protoxide of iron. The 
coaly matter it contained was not its least valuable ingredient; for by 
the aid of the hot-blast it was afterwards found practicable to stnelt it 
almost without any addition of coal. Seams of black-band have since 
been discovered and successfully worked in Ediuburghshire, Stafford- 
■hire, and North Wales. 
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Mr. Mushct published the resuhs of his laborioiiB in- 
vestigntions in a series of papers in the Philosophical 
]Magazine, — afterwards reprinted in a collected form in 
1840, under the title of "Papers on Iron and SteeL** 
These papers are among the most valuable original con- 
tributions to the literature of the iron-manufacture that 
hare yet been given to the world. They contain the 
germs of many inventions and discoveries in iron and 
steel, some of which were perfected by Mr. Mushct him- 
self, while others were adopted and worked out by differ- 
ent experimenters. In 1798 some of the leading French 
chemists were endeavoring to prove by experiment that 
steel could be made by contact of the diamond with bar- 
iron in the crucible, the carbon of the diamond being 
liberated and entering into combination with the iron, 
forming steel. In tlie animated controversy which occur- 
red on the subject, Mr. Mushet's name was brought into 
considemble notice ; one of the subjects of his published 
experiments having been the conversion of baiwron into 
steel in the crucible by contact with regulated proportions 
of charcoal. Tlie experiments which he made in con- 
nection with this controverey, though in themselves un- 
productive of results, led to the important discovery by 
Mr. Mushet of the certain fusibility of malleable iron at a 
suitable temperature. . 

Among the other important results of ]\Ir. Mushct's 
life-long labors, the following may be summarily men- 
tioned : The preparation of steel from bar-irop by a direct 
process, combining the iron with carbon ; ttbe discovery 
of the beneficial effects of oxide of manganes*e on iron and 
steel ; the use of oxides of iron in the pu<j[^dling-fumace 
in various modes of appliance ; the productinioa of pig-iron 
from the blast-furnace, suitable for puddlin^g, withoat tha 



^^ftllervention of the refinery; and llic appliro-tion of thQv 

^Hnt-bUst to anilinii.-il« coul in irrni'Smelting. For lliefl 

^BbroccsB of combining iron with curbon lor the [Toiluctmn I 

^Hbf Bteet, Mr. Mushet took out a patent in November, 1 

^VSSQO ; and many ycara after, when he had Uiseovered the 1 

^'beneficial effecU of oxide of manganese on steef, Mr. J 

Josiah Heatli founded upon it his celebrated patent for I 

the making of cast-steel, which had the effect of raising I 

the annual production of that metal in Sheffield from 1 

three thousand to one hundred thousand tons. His appli- I 

cation of the hot-blast to anlhi'acite coal, after a process J 

iDTGnled by him and adopted by the Messrs. Hill, of the J 

Plymouth Iron-Works, South Wales, had Ihe effect of I 

producing savings equnl to about 20,000/. a ycur at those I 

works ; and yet, strange to say, Mr, Mushet himself never I 

received any considenition for his invention, I 

The diseovery of Titanium by Mr. Mushet in the I 

WJ -hearth of a bliist-fumaee in 170i would now be regarded I 

^^K a tnere isolated faet. inasmuch as Titanium was not I 

^^Httced in the list of recognized metals until Dr. Wollus- ] 

^^Rn. many j-eara later, ascertained its qualities. But in j 

II omnection with the fact, it may be mentioned that Mr. I 

Mushet's youngest son, Itobeit, reasoning on the peculiar I 

drcuraBtances of the discovery in question, of ivhieli ample I 

record is left, has founded upon it his Titanium process, I 

which ia eipectud hy him eventually to supei'sede oil J 

other methods of manufacturing steel, and to reduce very 1 

nuterially the cost of its production. ^ 

TVIiile he lived, Mr. Mushet was a leading authority on ' 

bH matters connected with Iron and Kleel, and he eontrib- I 

El largely to the scieiitilie worlts of his time. Besides 
papers in the Philoaophical Joiinnil, he wrote the ai> 
I " Iron " for Napier's Supplement to the Encylopsdia 
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Britannica; and the articles "Blast Furnace" and "Blow 
ing Machine** for Ilees's Cyclopaedia. The two latter 
articles had a considerahle influence on the oppcfsiticm to 
the intended tax upon iron in 1807, and were freqtiefAtly 
referred to in the discussions on the subject in Faiiiastiient; 
Mr. Mushet died in 1847. 



I. CHAPTER IX. 



pStEHTION OF THE HoT-BlAST. — JasIES Be&UUONX ] 

Nkilso.v. 



MthMlif pTMertiil IhrGUKh a auiuit» 



TirE extraordinary vnhie of the lilack-bnnd iron-atons 
wna not nt first duly recngnijed, perhaps not even by Mr. 
filusliet biniEell'. For geveral jeare after its discovery by 
liim, its use waa eonfined to the Cklder Ii-ou-Works, 
where it was empluycd in mixture ivith other iron-stonea 
ol' the ar^laceoiis class. It was aCtBrwarda jiartially 
□aed lit tlia Clyde Iron- Works, but nowhere cl^ a strong 
feeling oF prejudice bciii;; entertained agninst it on the 
part of the iron trade generally. It w.is not UDlJl tlie 
year 1825 tliat the Monklnnd Company used it alono, 
without any olJier mixture thun the necessary quantity 
of limestone for a flux. " The siiccesa of tliis Company," 
Bays Mr. Miieliet, "soon gave rise to the Gartsherrie and 
Dundyvan fumai^ea, in tlie raidat of which progress came 
the use of raw pit-coal and the IIol-Blast, — tlie latter 
one of the greatest discoveries in mctiillur^y of the pres- 
tint age, and, above every other process, admirably adapt- 
ed for smehing the black-band iron-stone." From the 
I introduetion of this process the estraordinary develop- 
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mcnt of tlie iron-inaniifacture of Scotland may be sud to 
date ; and we accordingly propose to devote the present 
chapter to an account of its meritorious inventor. 

James Beaumont Neilson was bom at Shettl^ton, a 
roadside village about three miles eastward of Glasgow, 
on the 22d of June, 1792. His parents belonged to the 
working cliiss. His father's earnings during-many labo- 
rious years of his life did not exceed sixteen shillings a 
week. He had been bred to the trade of a millwright, 
and was for some time in the employment of Dr. Roebuck 
as an engine-wright at his colliery near Boroughstoness. 
lie was next em])loyed in a like capacity by Mr. Beau- 
mont, the mineral-manager of the collieries of Mrs. Cun- 
ningham of Lainshaw, near Irvine in Ayrshire ; afler 
which he was appointed engine-wright at Ayr, and subse- 
quently at the Govan Coal-Woi'ks near Glasgow, where 
he remained until his death. It was while working at 
the Irvine Works that he first became acquainted with 
his future wife, Marion Smith, the daughter of a Ren- 
frewshire bleacher, a woman remarkable through life for 
her clever, managing, and industrious habits. She had 
the charge of Mrs. Cunningham's children for some time 
after the marriage of that lady to ^Ir. Beaumont, and it 
was in comi)liment to her former mistress and her hus- 
band tliat she named her youngest son James Beaumont 
after the latter. 

The boy's education was confined to the common ele- 
ments of reading, writing, and arithmetic, which he partly 
acquired at the parish school of Strathbungo near Glas- 
gow, and i)artly at the Chapel School, as it was called, in 
the Gorbals at Glasgow. He had finally left school be- 
fore he was iburtecn. Some time before he lefl, he had 
been partially set to work, and earned four shillings a 



wtek by emplojing a part of each day in driving a 
cDnilensing engine which liia father hoJ put up in a r 
boring qmiriy. After leaving school, he was employed 
for two years as a gig boy on ono of the winding engines 
at the Govan eoUiery. Ilia parenia now considered liitQ 
of nt uge to be appronticed to some !>peeial trade, and na 
Beiiumuiit liad niUL-)i of hia father's tastes for metlianical 
pursuits, it was delennined to put him apprentice to a 
working en^neer. His elder brother John was then 
acting Oa engineman at Oakhanl:, near Glasgow, and 
IlcaumoDt was apprenticed under hira to learn the trade, 
John was a person of a studious and serious turn of mind, 
and had been sti'ongly attracted to follow the example of 
the brothers Ilaldane, who were then exoiting great in- 
terest by their preaching throughout the North ; but hia 
£ttlier set his face against liis son's " preaching at the buck 
o' dikes," as lie ea.Ued it; and so John quietly settled 
dawn to his work. The engine which the two brothers 
managed was a veiy small one, and the master and np- 
prentite served for enyineraan and fireman. Here the 
youth worked for throe yeare, employing Ids leisure hours 
L in the evenings in remedying the defects of his early edn- 
I'Cation, nnd endeavoring to acquire a knowledge of English 
mar, drawing, and luathematii'S. 
On llie expiry of his apprenticcsjiip, Beaumont cotitin- 
i for a time to work under his brother, as journeyman, 
I at a guinea a week ; after which, in 1814, he entered the 
tnpktyincnt of Willinm Taylor, coal-master at Irvine, 
Band lio was appointed engine-wriglit of the colliery at a 
■ Sfllarj^ of 70/. to 80/. a year. One of the improvements 
f tthii'Ji he introduced in the working of the colliery, while 
i held that olHcc, was the hkying down of an edge rail- 
Lway of caat-iron, in lengths of three feet, from the pit 
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to the liarbor of Irvine, a distance of three miles. At the 
age of twenty-three, he married his first wife, Barhara 
Montgomcrie, an Irvine lass, with a '^ tocher ** of 250L 
This little provision was all the more serviceable to him^ 
as his master, Taylor, becoming unfortmiate in bosiiiessy 
he was suddenly thrown out of employment, and the little 
fortune enabled the newly married pair to hold their 
heads above water till better days came round. Thcj 
took a humble tenement, consisting of a room and a 
kitchen, in the Cowcaddens, Glasgow, where their first 
child was born. 

About tliis time a gas-work, the first in Glasgow, was 
projected, and the company having been formed, the 
directors advertised for a superintendent and foreman, to 
whom they offered a "liberal salary." Though Beau- 
mont had never seen gaslight before, except at the illu- 
mination of his father's colliery office after the Peace of 
Amiens, — whicli was accom[)lished in a very simple 
and original manner, without either condenser, purifier, 
or gas-holder, — and though he knew nothing of the art 
of gas-making, he liad the courage to apply for the situa- 
tion. He was one of twenty candidates, and the fortunate 
one ; and in August, 1817, we find him appointed fore- 
man of the Glasgow Gas-Works, for five years, at the 
salary of 90/. a year. Before the expiry of his term he 
was reappointed for six years more, at the advanced sal- 
ary of 200/., with the status of manager and engineer of 
the works. Ilis salary was gradually increased to 400/L 
a year, with a free dwelling-house, until 1847, when, after 
a faithful service of thirty years, during which he had 
largely extended the cential works, and erected branch 
works in Tradeston and Partick, he finally resigned the 
management. 



I The situation of manager of the Glasgow Gaa-Worka 
1 in many respects well suited for tbe deTelopmeat of 
I Neilson's peculiar abilities. In the first place, it 
I^Affonled liim facilities for obtaining theoretical as well as 
L ..jiraciical knowledjie in chemical science, of which he was 
B diligent student at the Andersonian University, as well 
u of natural philosophy and inatliemu.tics in their higher 
' I bnuichea. Iq the next place, it gave free scope for hia 
Kigeaaity in introducing improvements in the manufac- 
ture of gas, then in its infuncy. He was the first to 
employ clay reloi'ts ; and he introduced sulphate of iron 
B3 a self-acting purilier, passing the gaa tlii'ough beds of . 
charcoal to remove its oily and tarry elements. TheJ 
ewallow-tail or union jet was also liis invention, and it 1 
has since come into general use. I 

While managing the Gas- Works, one of Mr. Neilson's 
lahora of love was the estahlishinont and direction by him 
of a Workmen's Institution for mutual improvement 
Having been a workman himself, and experienced the 
disadvantages of an imperfect education in early life, as 
well as the benefits arising from improved culture in later 
years, he desired to impart some of these advantages to 
the workmen in hia employment, who consisted chieHy 
nf persons from remote |>urts of tlie Highlands or from 
Ireland. Most of them conld not even read, and hisif 
principal ditliculty coosisteJ in persuading them that i 
was of any use to lenm. For some time they n 
his persuasions to form a Workmen's Institution, \ 
■^iow to the establishment of a library, classes, and lee- J 

ii urging, as a sufficient plea for not joining il 
y-Umy could not read, and that books would be of n 
, to them- At last Sir. Ncilson succeeded, though with 
i^ conaidi:rubli< ditliculty, in uiduciog foui-teen of the work- 




194 TKDUSTSUL BIOGBAPHT. 

men to adopt his plan. Each member was to oontrilratb 
a smsill sum monthly, to be laid out in books, tlie G»as 
Company providing the members \rith a comfortable 
rooTn in which they might meet to read and converse 
in the evenings, instead of gmng to the alehouse. Tlie 
members were afterwards allowed to take the books home 
to rend, and tlie room was used for the purpose of coa- 
Ycrsation on the subjects of the books read by them, and 
of?casionally for lectures delivered by the members them- 
selves on geography, arithmetic, chemistry, and median- 
ics. Their numbers increased so that the room in which 
tliey met became insufficient for their accommodation, 
when the Gas Company provided them with a new and 
larger place of meeting, together with a hiboratory and 
workshop. In the former tliey studied practical chem- 
istry, and in the latter they studied practical mechanics^ 
making for themselves an air-pump and an electrifying 
machine, as well as preparing the various models used 
in the course of the lectures. The effects on the work- 
men were eminently beneficial, and the institution came 
to be cited as among the most valuable of its kind in the 
kingdom."^ Mr. Neilson throughout watched carefully 
over its working, and exerted himself in all ways to pro- 
mote its usefulness, in which he had the zealous co-opera- 
tion of the leading workmen themselves, and the gratitude 
ary ot~ ^i%jy. On the opening of the new and enlarged rooms 
the works. Ilis^P^ ^^™ delivering an admirable address, 
a year, with a fiec dwv^^'orthy of republication, together with 
a faithful service of th§"t*^^^^^^ ^"® o^ ^^ workmen, in 
Largely extended the r ^rtions as its founder and chief 
works in Tradeston ^°^ forcibly expressed.! 

^^mg^menL jn ciasffow Mechamc's UagagiM 

Tol. ML p. 159. 



(luring the peiioil of his connection with tha | 
Gus-Work3 tliat Mr. Neitson directed lii 
e Bineltinf; of iron. Hia views in regan 
eel were nt first somcwhnt crudti, m appeara from 
Iper rciiil by him bdbre the Glitfgow I'Liloaopliical 
«y early in 18-25. It nfipcnrB tlmt in the course 
f preceding year hig nttecilion had been callwl to 
hject by an iron-matter, nlto aslied liim if ho 
t it possible to purify tbe air blown into the blaat- 
ia like manaer as carburet^ hydrogen gas was 
The iroii-Bwstcr supposed thut it was tlie prea- 
f sulphur in tlic nir tliat caused blust-lumaces to 
rregulariy, and to make bad iron in the summer 
I. Mr. JJi-iison was of ojunion ttiat tbia wna not 
! bTie canse, and be was rather disposed to tbinlc it 
'' attributable to llie want of a. due proportion of oxygen in 
when tlie air was more rarefi<'d, besides (Htntain- 
{ more a^ufoas vapor, than in winter. Ho tliereforo 
Mght tlio ti-ue remedy was in some way or otlier to 
ID a greater proportion of OEygen ; and he sug- 
l that, in oi'dcr to dry tbe air, it should bo passed, 
y to the furnace, through two long tunnels con- 
; calcined lime. But furtlier inquiry served' to 
iews, and eventually led him to the tnio 
r of blasting. 

y allcr, liis attention was directed by Mr. Jnmea 
; to a defect in one of the Muii'kirk bkstr furnaces, 
d about half a mile ilistant I'rom the blowiiig-engin 
I WOB found not to work so well as olliers wliich 
close to it. The circumstances of the caio 
V Neilson to form tho opinion, that, as air ii 
L volume according to temperature, if lie were to heat ' 
I hy paniiif; it. tbrough a red-hot vessel, its volume 
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would be increased, according to the well-known law 
and the blast might thus be enabled to do more duty io 
the distant f unmce. He proceeded to make a series of 
experiments at the Gas- Works, trying the effect of heated 
air on the illuminating power of gas, by bringing up a 
stream of it in a tube so as to surround the gas-burner. 
He found that by this means the combustion of the gas 
was rendered more intense, and its illuminating power 
gieiitly increased. He proceeded to try a similar exper- 
iment on a common smith's fire, by blowing the fire with 
heated air, and the effect was the same; the fite was 
much more brilliant, and accompanied by an unusually 
intense degree of heat. 

Having obtained such marked results by these small 
experiments, it naturally occurred to him that a similar 
increase in intensity of combustion and temperature 
would attend the application of the process to the blast- 
furnace on a large scale ; but being only a gas-maker, he 
had the gieatest difiiculty in persuading any ironmaster 
to permit him to make the necessary experiments with 
blast-furnaces actually at woris. Besides, his theory was 
altogether at variance with the established practice, which 
was to supply air as cold as possible, the prevailing idea 
being that the coldness of the air in winter was the cause 
of the best iron being then produced. Acting on these 
views, the efforts of the ironmasters had always been 
directed to the cooling of the blast, and various expe- 
dients were devised ibr the purpose. Thus the regulator 
was painted white, as being the coolest color ; the air was 
I)assed over cold water, and in some cases the air-pipes 
were even surrounded by ice, all with the object of keep- 
ing the blast cold. When, therefore, "Mr, Neilson pro- 
posed entirely to reverse the process, and to employ hoi 
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!ad (f cold blast, the incredulity of the in 

lagined. What ! Neilaon, n mere maket 

«f gast undertato to inatnict jmti'tii'al men in Uie n 
fitcture or iron ! And to suppose tliitt healed air ct 
nged for the purpose 1 It was presumption in thi 
treme, or at beat the mere visionary idea of a person 
altogi-ther unacquainted with ilie subject I 

At length, liowevcr, Mr. Neilson succeeded in inducii 
Jlr. Clmrles Mai'inlosh of Crossbaaliet and 51r. Colin 
Diinlop of the Clyde Iron-Works, to ullow him to make 
a trial of the hot-air process. In the first imperfect 
attempts the air was heated to lillle more than 80° Fah- 
renheit, yet the results were sntisfactory, and the scoria ■ 
from the furnace evidently contained less iron. 
therefore desirous of trying his plan upon a 
leneive scale, with tlie object, if possible, of ihoixiughly 
establishing the soundness of his principle. In tiiis ho 
a good deal hampered even by those ii'onmaslera 
vbo were his friends, and had promised him tlie requisite 

,'f>Pportunities for making a fair trial of the new process. 

iThey Btrongly objected to his making the necessary nl- 
tcmtions in the fumaees, and he seemed to he as far 
from a satisfactory experiment as ever. In one instance, 
vkcre lie had so for succeeded aa to he allowed to lieat 
the bkat-main, he asked permission to introduce deHecb- 
ing plates in the main or to put a bend in the pipe, so a** j 
to bring the blast more closely against the heated sides' I 
of the pipe, and also increase the area of heating suiTace, 
in order to raise the temperature to a higher point ; but 
this was refused, and it was said that if even a bend were 
put in the pipe the furnace would stop working. These 
jmjudicea proved a serious difficulty in the way of our 
iaventor, and several more years passed before 1: 
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allowed to put a bend in the blast-main. After many 
years of perseverance, be wb», however, at length enabled 
to work out his plan into a definite shape at the Clyde 
Iron- Works, and its practical value was at once admitted. 
At the meeting of the Mechanical Engineers' Society, 
held in May, 1859, Mr. Neilson explained that his in- 
vention consisted solely in the principle of heating the 
blast between the engine and the furnace, and wns not 
associated with any particular construction of the inttsr- 
mcdiate heating apparatus. This, he said, was the came 
of its success , and in some respects it resembled the 
invention of his countryman, James Watt, who, in con- 
nection with the steam-engine, invented the plan of con- 
densing the steam in a separate vessel, and was successful 
in maintaining his invention by not limiting it to any 
])nrticular construction of the condenser. On the same 
occasion he took the opportunity of ackno^.vledging the 
firmness with wluch the English ironmasters had stood 
by him when attempts were made to deprive him of the 
benefits of his invention ; and to them he acknowledged 
ho was mainly indebted for the successful issue of the 
severe contests he had to undergo. For there were, 
of course, certain of the ironmasters, both English and 
Scotch, supporters of the cause of free trade in others* 
inventions, who sought to resist the patent, after it had 
come into general use, and had been recognized as one 
of the most valuable improvements of modem times.* 

The patent was secured in 1828 for a term of fourteen 
years ; but, as Mr. Neilson did not himself possess the 

* Mr. ^Tashet described it as ** a wonderfol discovery,** and one «f 
the ** most novel and beantifal improvements in his time." Professor 
Gregory of Aberdeen characterised it as ** the greatest improvement 
with which ho was acquainted." Mr. Jessop, an extensive Engitish 
Iron monafactorer, declared it to be " of as great advantage in the iron 
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reqnisitu capital to enable liim to perfect the invention, 
or lo defend it U' attueked, he tbund it uccessary to invits 
other gentlemen, nble to support luin in tiiese resjiects, to 
elutro iU profits ; I'Ctaining I'or himeelf onlj three lentiis 
of tlic wliole. Ilia partners wete Mr. Charles llacjntosli, 
Mr. Colin Dunlop, and Mr, John Wilaon of Dundj-Tan. 
The cLarge maile by tiieia was only a shilling a ton for 
all iron produced by llio new proceas ; thia low rale being 
fised in order to insure tlie introduction of the patent into 
gciid'al use, as well as lo reduce to a minimum the temp- 
tatjoos of the ironmasters to infringe it 

The first trials of the process were made at the blast-. 
furnaces of Clyde and Oidder ; from whence the use of 
"tlie liol-blaat gradually extended to the other iron-mining 
districts. la the course of a few years every iurniifB 
Scotland, with one exception (that at Carron), Imd 
adopted the improvement ; while it was also employed 
in liulf the furnaces of England and Wales, and in many 
of the furnaces on the Continent and in America. In 
course of time, and with increasing experience, varioua 
imjirovemeuls were introduced in the process, more par 
ticularly in the abape of the air-heating vessels ; the last 
form adopted being that of a congeries of tubes, similar 
lo the tubular arrangement in the boiler of tlie lucotno- 
tive. by which Hie gi-CJitcst extent of heating surface was 
provided fur the thorough heating of the air. By these 
moditicntioDS the temperature of the air intj'oduced into 
Iho furnace has been i-aised from 240° to GUO', or the 
temperature of melting lead. To protect the nozzle of 
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the air-pipe as it entered the furnace against the acticm 
of the intense heat to which it waa subjected, a spiral 
pipe for a stream of cold water constantly to play in 
hag been introduced within the sides of the iron tuyere 
through which the nozzle passes ; by which means the 
tuyere is kept comparatively cool, while the nozzle of 
the air-pipe is effectually protected.* 

This valuable invention did not escape the usual fate 
of successful patents, and it was on several occasions the 
subject of protracted litigation. The first action occurred 
in 1832 ; but the objectore shortly gave in, and renewed 
their license. In 1839, when the process had become 
generally adopted throughout Scotland, and, indeed, was 
found absolutely essential for smelting the peculiar ores 
of that country, — more especially Mushet's black-band, 
— a powerful combination was formed amongst the iron- 
masters to resist the patent. The litigation ^Fhich en- 
sued extended over five years, during which period some 
twenty actions were proceeding in Scotland, and several 
in England. Throe juries sat upon the subject at differ- 
ent times, and on three occasions appeals were carried to 
the House ot* Lords. One jury trial occupied ten days, 
during which a hundred and two witnesses were exam- 
ined ; the law costs on both sides amounting, it is sup- 
posed, to at least 40,000/. The result was, that the 
novelty and merit of Mr. Neilson's invention were finally 
established, and he was secured in the enjoyment of the 
patent-right. 

We are gratified to add, that, though Mr. Neilson had 
to part with two thirds of the profits of the invention to 

• The invention of the tnbular air-vessels and the water-tuyere be- 
longs, we believe, to Mr. John Condie, sometime manager of the Bluir 
Iron-Works. 



e Ihe capital and influence necessary lo bring It into I 

gsneral use, he ivnlized auffiuent to enable him to enjoy 

the erening of his life in peat'e and comfort. He retired 

fWim active business to an estate whii'b he purchased in 

m 1851 in the Stewartry of Kirkcudbright, where he la found 

^^Mkdy to lead a hand in every good work, — whether 

^^K agricultural improvement, railway extension, or the 

^^BdtbI and E>odal good of those ahout him. Alindful of 

^^?he aucceas of his Workmen's Institution at the Glusgoiv 

Gas-WorkB, Le has, almost at his own door, erected a 

umilar Institution for the use of the parish in which liia 

roperty is situated, the beneficial etl'eets of which huve 

n very marked in tlie disti'ict. Wo may add that Mr. 

'b merits have been recognised hy many emiuent 

-by the Institution of Civil Engineers, the Cliemi^ 

ll Sodety,anid others, — the last honor conferred on hire 

g hia election as a Member of the Royal Society ir 

I The invention of the hoi-blast, in conjunction with the 
■covery of the hlai'k-band iron-stone, has had an extraor- 
wy effect upon the development of the ii-on-manufao- 
fl of Suolland. The coals of that eountiy are peiierally 
|fit for coking, and lose as much as fifty-five per cent ii 
9 process. But hy using the hot-blast, the coal could 
l^seot lo the blast-furnace in its raw state, by whith a 
ftrge saving of fuel was effeuled.* Even tuals of ai 

■ Mr. Mnehat BSya: " Thn greatest produce in iron per rurniioawill 

jl btMik4i«a(l nnd aoId-bloM never excesiled sixty tons «. week. 1 lj 

e per ftimncB now avertges ninety tons * weelc Ten (amul 

ittTibulB to Ilia uacofmw pit-cool, mid the other twenty Innii t 

^ IM of hot-blast." [FujHrtimli-oniiJidSltiil.m.] Tba proiluc 

now two bundreil I'^tl4 a weeli mid apwaril!!. 

»t proceui irai aAerwimls npplled to Ihe making of iro' 

mcits or Blona coal of Walisi for whLeh a psIenE va 
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inferior quality were by its mettoa made aTaOafale ftr €m 
manufacture of iron. But one of the peculiar qoalitiea 
of the black-band ironnstone is, that in many cases it 
contains sufficient coaly matter for purposes of caldma* 
tion, without any admixture of coal whatever* . Before 
its discovery, all the iron manufactured in Scotland was 
made from day-band ; but the use of the latter has in m 
great measure been discontinued wherever a SBJQ&dent 
supply of black-band can be obtained. And it is finuid 
to exist very extensively in most <^ the midland Sootck 
counties, — the coal and iron measures stretching in a 
broad belt from the Firth of Forth to the Irish Channel 
at the Firth of Clyde. At the time when the hot-Mast 
was invented, the fortunes of many of the older works 
were at a low ebb, and several of them had been discon- 
tinued ; but they were speedily brought to life again 
wherever black-band could be found. In 1829, the 
year after Neilson's patent was taken out, the total make 
of Scotland was twenty-nine thousand tons. As fresh 
^overies of the mineral were made, in Ayrshire and 
Lanarkshire, new works were erected, until, in 1845, we 
find the production of Scotch {Ng-iron had increased is 
four hundred and seventy-five thousand tons. It has 
since increased to upwards of a million of tons, nineteen 
twentieths of which are made from black-band iron- 
stone.* 

taken ont bj George Crane in 1888. Before the fao1'>|»l«t was fntro- 
ducedf anthracite coal would not act as fuel in the U«8t>fiimae«. 
When put in, it merely had the effect of putting th^t fin out. With 
the aid of the hot-blast, however, it now proves to b^j a mMt vmlvable 
fuel in smelting. 

* It is stated in the Norfk BritUk Renew for NoVVnber, 1846, that 
** As in Scotland every furnace — with the exceptioi*! of one at Carron 
•- now Jxa^B the hot-blast, the saving on oar present ] fodOM of 400,001 



Employment has lima been given lo vast nmnbere 
1 population, and the weallli anil resoun 
of tiie Scotch iron distrii^ta have been increased to on 
estmoL-dinory extent. During llic last year there were 
one hundred and twenty-five fumaws in blast tliroughout 
ViScollaod, eacli empioj-irtg about four hundred men in 
rerage of liro hondrBd tons a week ; and 
le mooej distributed amongst the workmen may readily 
'k emnputed from the fact tliat, under the moat favorable 
dtcumstancea, the cost of making iron, in wages alone, 
amounts to SGi, a ton.* 

An immense additioaal value was given to all land in 
jtrhich the black-band was found. Mr. Hushet mentions 
a 1839 the proprietor of the Airdrie estate derived 
I xoyalty of 16,600^ from the mineral, which liiul not 
before its discoveiy yielded him one farthing. At the 
ime time many fortunes have been made by pushing 
d energeiic men who have of late years entered u])oa 
' branch of industry. Amongst these may be 
mentioned the Bairds of Gartsberrie, wlio vie with the 
Guests and Crawthaya of South Wales, and have ad- 
i tUeroselveB in the course of a very few years from 
ation of small Atrmers to that of great capitalists, 
g estates in many counties, holding the highest 
i commercial men, and ranking among the 
t employers of labor in the kingdom. 



>f ptff-lron ii 3,000,000 tons of conli, 200,000 tons of ilniBstone, Bnd 
erliiifr per nniium," Bat as the Scotcb produce Is nov 
lion Ions of pig-iron n, j'ear, the Rbo™ Hpires will liave to 
id by- aj tn g[vt Ills preMint annual wvings. 
» Papsn rc«4 by Mr. Raipti Hooro. Slining Enghieer, Glingow, b» 
t* tba ItofiLl S<:anl>li Society of Acta, Kdiii., laoi, pp, 13, U. 
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CHAPTER X. 
Mechanical Intentions and Inyentors. 

** Uinrentlon n'est-elle pu U potele de U tdenoef .... TiratM lea gniniln 
d^oouvertn portent arec eUes la tiuce loefla^able d*ane penste po^tiqne. H 
faut c-tre porte iK>ur crier. AuasL, sommes-nuos conyaincus que si lea paissaDtcfl 
machines, veritHble source de la prtNluction et de Pindostrie de dob Joart, dotvent 
recevoir des modiAcntioiia railicales, ce sera 4 des bummes d^imagination, et nan 
point A des homines parement 8])(ciauXf que Ton devn oette tnuisformatloa.''— 
£. M. Batailue, Traiti dei MachineM d Fapeur, 

Tools have played a highly important part in the 
history of civilization. AVithout tools and the ability to 
use them, man were indeed but a *^ poor, bare, forked 
animal,'' worse clothed than the birds, worse housed 
than the beaver, worse fed than the jackal. " Weak in 
himself," says Carlyle, " and of small stature, he stands 
on a basis, at most for the flattest-soled, of some half 
square foot, insecurely enough ; has to straddle out his 
legs, lest the very wind supplant him. Feeblest of 
bipeds ! Three quintals are a crushing load for him ; 
the steer of the meadow tosses him alofl like a waste 
rag. Nevertheless, he can use tools, can devise tools: 
with these the granite mountain melts into light dust be- 
fore him ; he kneads glowing iron as if it were soft paste ; 
seas arc his smooth highway, winds and fire bis unvarying 
gteeds. Nowhere do you find him without t^ls: without 
tools he is nothing ; with tools he is all." His very first 
contnvances to support life were tools of tha simplest and 
~^C8t construction; and his latest achiev4iiients in the 



mbstitulion of machinery for the relief of the huniaa'l 
liand and intellect are founded on the use of tools of tt.f 
still higher order. Hence it is not ivithout good rex 
that man has by some philoaophera been defined i 
tool-mniing animal. 

Tools, like everything else, had small beginnings. With 
the primitive etone hammer and chisel very little could 
be done. The felling of a tree would oeenpy n worliman 
a month, unless helped by the deslruelive action of fire 
Dwellings could not be built, the soil eouM not be tilled/.^ 
clothes could not be fashioned and mude, and the hewing! 
out of a. boat was so tedious a process thtit the «'ood must).! 
have been far gone in decay before it could he launched^ I 
It was a great slep in advance to discover the 
working in metals, more especially in Bleel, one of tlio' 1 
few metals capable of taking a sharp edge and keeping it: ' 
From the date of this discovery, working in wood and 
Btonc would be found comparatively easy ; and llie resulu 
must speedily have been fell not only in the improvement 
of man's daily food, but in his domestic and social condi- 
tion. Clothing could then be made, the primitive forest 
couhl be cleared, &nd tillage carried on ; abundant fuel 
could be obtained, dwellings erected, ships built, temples 
reared ; every improvement in toola marking n new slep 
in the development of the human intellect, and a furtlier 
stage in the progress of human civilization. 

The earliest toola were of the simplest possible charatv . 
ter, consisting principally of modifications of the wedge ( 
Kuch as the knife, the shears (formed of two knives work->l 
ing on a joint), the chisel, and the axe. These, with thtf 1 
.iprimilive hammer, formed the principal stock-in-trade of^ 
' i early mechanics, who were handicraftsmen i' 
teivl Knee of the word. But the work which the early \ 
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craflsmcn in wood, stone, brasB, and iron coBtriired to 
execute sufTioed to show how much expeitncss in the 
han(lUn<]^ of tools will serve to oomjicnsate for tb^ lae* 
chiiniciil imperfections. Workmen then sought rather to 
aid inuscuhir strenp^h than to supersede it, and mainlj 
to facilitate tlie efforts of manual skilL Anotlier tool 
became added to those mentioned above, which proved ac 
additional source of power to the wcNrkmaa. We meaa 
the Saw, wliich was considered of so much importance 
tliut its inventor was honored with a place among the 
gods in the mythology of the Greeks. This inyentioni m 
said to have been suggested by the arrangeroeat of the 
teeth in the jaw of a serpent, used by Talus the nephew 
of Dtedalus in dividing a piece of wood. From the rep- 
resentations of ancient tools found in the paintings at 
Ilerculaneum it appears tliat tlie frame-saw used by the 
tuicients very nearly resembled that still in use ; and we 
are informed that the tools employed in the caipenteoi' 
sliops at Nazareth at tliis day are in most respects the 
same as those repi*esented in the buried Roman city. An- 
other very ancient tool referred to in the Bible and in 
Homer was the File, which was used to sharpen weapons 
and implements. Thus the Hebrews <* liad a file for the 
mattocks, and for the coulters, and for tlie forks, and for 
the axes, and to sharpen the goads." * When to these we 
add the adze, plane-irons, tlie augur, and the chisel, we 
sum up the tools principally relied on by the early me- 
clianics for working in wood and iron. 

Such continued to he tlic ciiief tools in use down almost 
to our own day. The smith was at first the principal 
tool-maker ; but special branches of trade were gradually 
established, devoted to tool-making. So long^ howevei^ 

• 1 Samuel xUL 21. 
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I tho workman relied mainly on liis dejcttrity of hand, 
e onicmnt of production waa compnralively limited; for 
t anmber of skilled irorkmen vraa but small. Tlie arti- 
I turneil out by tbem, biting the product of tcdioua 
asnual labor, vrcre too dear to come into common use, 
i made almost exclusively for the richer clssaee 
mmnnity. It waa not until macliincry bad boea 
^vented and become goncralty adopted that many of the 
ordinary articlea of necessity and of comfort were pro- 
iluced ia sufiicient abundance aad at such prices aa ena^ 
Lled them to enttirinto the consumption of the great body 
of the people. 

But every ira]irover of tools had a long and difficult 
battle to fight; for any improvement in their effei'tive 
' was sure to toucji tho interests of some egtubli^lted 
Especially was tliJs the case with madiittes, wliicfa 
e but toob of a more complete though complicated kind 
n those above described. 
I Taku, for instance, the case of the Saw. The tedious 
^17 of dividing timber by tlie old-fashioned linnd-snw 
pvell known. To avoid it, some ingenious person sug- 
nted that a number of eaivs should be fixed lo a lram« 
k A mill, so contrived as to work with a reciprocating 
notion, upwards and downwards, or backwards and for- 
wards, and that this frame so mounted should bo yoked to 
the mill-wbeel, and tlie saws driven by tlie power of wind 
or water. The plan was tiied, and, as may readily be 
imagined, the ajnount of etfective work done by thi: 
cliiuo-saw wn* immense, compared with the tedious pro> 
IS of sawing by liand, 

i obscrred, however, that the new method 

I seriously interfered witli tlie labor of tlie 

; and it was but natural tbat tbcy should 
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regard the establishment of the saw-mills with suspicion 
and hostility. Hence a long period elapsed before the 
hand-sawyers would permit the new machinery to be set 
up and worked. The first saw-mill in England was 
erected by a Dutchman, near London, in 1GG3, but was 
shortly abandoned in consequence of the determined hos- 
tility of the workmen. More than a century passed be- 
fore a second saw-mill was set up ; when, in 1767, Mr. 
John Houghton, a London timber-merchant, by the desire 
and with the approbation of the Society of Arts, erected 
one at Limehouse, to be driven by wind. The work was 
directed by one James Stansfield, who had gone over to 
Holland for the purpose of learning the art of construct- 
ing and managing the sawing machinery. But the mill 
was no sooner erected than a mob assembled and razed it 
to the ground. The principal rioters having been pun- 
ished, and the loss to the proprietor having been made 
good by the nation, a new mill was shortly after built, 
and it was suifered to work without further molestation. 

Improved methods of manufacture have usually had to 
encounter the same kind of opposition. Thus, when the 
Flemish weavers came over to England in the seven- 
teenth century, bringing with them their skill and their 
industry, they excited great jealousy and hostility amongst 
the native workmen. Their competition as workmen was 
resented as an injury, but their improved machinery was 
regarded as a far greater source of mischief. In a memo- 
rial presented to the king in 1621 we find the London 
weavers complaining of the foreigners* competition, but 
especially that " they have made so bould of late as to 
devise engines for working of tape, lace, ribbin, and such 
like, wherein one man doth more among them than 7 
%he men can doe ; so as their cheap sale of commod- 



^eruth aJl ot:r Englislie lulificers of ihst li 
d enrivlieth tliem." " 
' At a mucli more recent period new inventions hgrc hnJ J 
i oncountcr si'i'imis riotin": and niacliine-brenking fur/. 
[»y of tlie fly-aliultle, Iliirsrcavea of tlie Bpinning-jonny,! 
inO Arkwright of the spinning-fi-ume, all had to f\y from I 
Anouliire, glnil to escape with their lives. Inilecd, stiya- 1 
; Bazlcj, " bo jealous were the peojile, nnd hIho i 
lepslatare, of everything enlpulated to supersede nie 
labor, that when tlie Sankey Canal, six miles Inng, m 
TlVarringlon, was authorised about the middle of last a 
I tury, it waa on ibc express condition that tlie boats plying I 
a it should he dmwn by men only " ! f Even improved I 
icultiiral toots and machines have had the same oppo^ i 
J ercotinler ; and in our own lime bunds of rural 
have gone from farm to farm breaking drill- 
jgliB, winnowing, threshing, and iilher mnehinus, down ] 
nta to the common drills, — not perreiving that if their 1 
gUcy had proved successful, and tools could have been 
actually destroj'ed, the human race would at once have | 
1 reduced to their teeth and nails, and civilization , 
arily abolished.] 

k » Ann Pnpen, Dom. 1631, Vol. G», Ni 
1^^^ Itcturitonlhe Raallto/llii deal 
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It is, no doubt, nataral that the ordinary class of work* 
men should regard with prejudice, if not with hostiiitj, 
the introduction of machines calculatcMl to place them at 
a disadvantage and to interfere with their usual employ- 
ments ; for to poor and not verj far-seeing men the loM 
of daily bread is an appalling prospect But iaTention 
does not stand still on that account Human brains wiU 
work. Old tools are improved and new ones invented, 
superseding existing methods of production, though the 
weak and unskilled may occasionally be pushed aside, or 
even trodden under foot The consolation which remains 
is, that while the few suffer, society as a whole is vastly 
benefited by the improved methods of production which 
are suggested, invented, and perfected by the ezperieace 
of successive generations. 

The living race is the inheritor of tlie industry and skill 
of all past times ; and the civilization we enjoy is but the 
sum of the useful effects of labor during the past ceatu- 
rics. Nihil per saltum. By slow and often painful steps 
Nature's secrets have been mastered. Not an efiort has 
been made but has had its influence. For no human 
labor is altogether lost ; some remnant of useful effect 
surviving for the benefit of the race, if not of the indi- 
vidual. Even attempts apparently useless have not really 
been so, but have se^^'ed in some way to advance man to 
higher knowledge, skill, or discipline. '* The loss of a 
position gained," says Professor Thomson, " is an event 
unknown in the histor}' of man's struggle with the forces 
of inanimate nature." A single step won gives a firmer 

to the Iflst they were so obstinate in their attachment to plooghsbares 
of wood that a tuniultuoas opposition was made to the enftMrcement 
of the edict, which for a short time threatened a rebellion in tkt 
Dnmuce. — Parkes, Chemical £$$aff9, 4th ed., 47S. 
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r eflbrt. The mtu may die, but Utfl 
s the work, — to use the poet's 
1 Etepping-stones of dead eclres t» 



mhold for fiirtli 
« tDTvires and 
eimik, laountlng 
liighcr selves. 

Philarete Chnsles, indeed, holds that it is the nunma 
e tliat is your true inventor : " As if to unite hU gen- 
ianB," lie savs, " and to show that man can only act 
iently bj oasociatiini with otliers, it has been ordained 
Ml each inventor shaJL oiilj interpret tlie first word of 
MiK problem be sets tiimself to solvi?, and tliat every great 
a shall be tbe risttaie of the ytast at the same time that 
k i» the germ of the future." And rarely does it liappen 
Bat any discovery or invention of impoitance is nrnde by 
e man alone. The thi'ea'lg of inquiry are talieo up and 
1, one laborer sucreeding another, each ti'acing it a 
t further, often trithout apparent result Tliia goes 
1 Bonetimes for centuries, until at length some man, 
r perhiijis than his fellows, seeking to fulfil the 
9 of bb time, gathers the various threads together, 
uurea up tbe gain of past aucccBses and failures, and 
!8 them as tlje means fur some solid acliicvemcnL Thus 
levfon dbcovered the law of gravitation, aitd thus James 
PTatt inveated the steam-engine. So also of die Tjoco- 
, of which Robert Stephenson said, "It h:w not 
1 of any one man, but of a mce of me- 
!)r as Joseph Bj-amah observed, in 
I preamble to bia sMond Lock patent, -* Among the 
f patents granted tiiere are comparatiwly few 
^cb can be culled original, so that it is dilficiilt 

e the boundary of ooe ends and wlicrc that of another 
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^Tbearts are indeed reared but slowly! 
• ohHcrration of Lord Bacon, that we a 
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paP8 those ladders bj which they have been learcd, and 
reflect the whole merit on the last new performer. Thus, 
wliiit is hailed as an original invention is often found to be 
hut tlio result of a long succession of trials and experi* 
ments gradually following each other, which ought rather 
to be considered as a continuous series of achievements 
of the human mind than as the conquest of any single in- 
dividual. It has sometimes taken centuries of experience 
to ascertain the value of a single fact in its various beam- 
ings. Like man himself, experience is feeble and appar- 
ently purposeless in its infancy, but acquires maturity and 
strength with age. Experience, however, is not limited 
to a lifetime, but is the stored-up wealth and power of 
our nxcvi. Even amidst the death of successive genera- 
tions it is (M)nstiuitly advancing and accumulating, exhibit- 
ing at the same time the weakness and the power, the 
littleness and the greatness, of our common humanity. 
And not only do we who live succeed to the actual results 
of our predecessors' labors, — to their works of learning 
and of art^ their inventions and discoveries, their tools 
and machines, their roads, bridges, canals, and railways, 
— but to the inborn aptitudes of blood and brain which 
they bequeath to us, — to that ^"educability," so to 
speak, which has been won for us by the labors of many 
generations, and which forms our richest natural heritage. 
The beginning of most inventions is very remote. 
The first idea, bom within some unknown brain, passes 
thence into others, and at last comes forth complete, afler 
a parturition, it may be, of centuries. One starts the 
idtm, another develops it, and so on, progressively, until 
at last it is elaborated and worked out in practice ; but 
the first, not less than the last, is entitled to his share in 
the merit of the invention, were it only possible to meas- 
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are and appoHinn it daly. Sometimes a great Dngiaal 

mind sti-ikea upnn some new voin of bidden power, and 

I fives B powei-ftil impulse lo llie inventive faeultiea of 

wi, wtiich Ijists through gt'iieriUions. Blore frequently, 

I llOWCTcr. invciitiona are not enlh-ely new, but modlfica- 

I of contrivances previously known, though to 

not yet brought into prai:[ical use. Glancing bnck 

r the hisloty of mcehanlsrn. we occasionally 

^tioii SL'cmingiy l'u!l-born, when suddenly it drojis out 

«t^rt, and wc licnr no more of it lb 

tnken up de novo liy gome iii^enlor, stimulated by tba' 

i of bis time, and falling ngiiin npon the ti-ack, 
rvcoTers iLeold foolmai'ks, follows them up, and completes^ 
the work. 

There is also simb a tiling as inventions being bom 

eforo their lime, — tlie advanced mind oFone generation 

Tojecting that which cannot be execuleii for want of the- 

n due procf-ss of lime, when mech- 

1 has got abreast of the original idea, it is at length 

Vcnrried out ; and tlins it is thai modern inventors are enar 

^■liled to effect many objects which their predecessors had 

Ivied ID vain to accomplish. As Louis Napoleon has said, 

''Inventions bom before their time must i-emain useless 

nitil the level of commoti inlellecta rises to comprehend 

For this reiison, misfortune is often tlic lot of the 

ir before his time, liiough glory and profit may be- 

( to bis successors. Hence the gift of inventing not 

■qucntly involves a yoke of sorrow. Many of the 

iventors iiave livod neglected, and died unre- 

il before their merits could be recognized and esti- 

'.n if tliiiy succeed, they often raise up hosts 

n the ]iCrsons whose melhods they propose 

£nv]', malice, and detraction meet them 
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all their fonns ; tbej ai*e assailed by combinatknia of rich 
and unscrupulous persons to wrest from them the profits 
of their ingenuity ; and, last and worst of all, the Bnocess- 
ful inventor often finds liis claims to originalitj decried, 
and himself branded as a copyist and a pirate. 

Among the inventions bom out of time, and before 
the world could make adequate use of them, we can onljr 
find space to allude to a few, though they are so many 
that one is almost disposed to accept the words of Chaneer 
as true, that '^ There is nothing new but what has once 
been old " ; or, as another writer puts it, ^ There is noth- 
ing new but what has before been known and forgotten " ; 
or, in the words of Solomon, ^' The thing that hath been 
is that which shall be, and there is no new thing under 
the sun." One of the most important of these is the use 
of Steam, which was well known to the ancients; bat 
though it was used to grind drugs, to turn a spit, and to 
excite the wonder and fear of the credulous, a long time 
elapsed before it became employed as a useful motive- 
power. The inquiries and experiments on the suligect 
extended through many ages. Friar Bacon, who flour- 
ished in the thirteenth century, seems fully to have an- 
ticipated, in the following remarkable passage, neariy all 
that steam could accomplish, as well as the hydraulic- 
engine and the diving-bell, though the flying-machine yet 
remains to be invented : — 

'* I will now," says the Friar, " mention some of the 
wondei-ful works of art and nature in which there is 
nothing of magic, and which magic could not perform. 
Instruments may be made by which the largest shipSy 
with only one man guiding them, will be carried with 
greater velocity than if they were full of sailors. Chariots 
may be constructed that will move with incredible 
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, without the help of nnimab. Instrumenta i 
Lpfing may lie tbrmed, in which a mnn, sitting at hitl 
B uti<i muili til ting od any suhjecl, may tient lli<i s 
litb his Ritilk'iiil tvinga, nl'lcr i)ig mtiiiacr of hii'ds. A.m 
all tiistiliintnt may hi; made to raise or depress the-l 
BBleet wui^lils. An inatminent mny bo Cihrit.'ated by 
phii'ti one man mnj di'aiv a lliousftnd men Co lilm by 
agninst tiieir will ; as also machinca whit-L will 
naUe men to wulk at the bottom of seas or rivers with- 

a poesihle that Friar Bacon derived hia knowledge 
if the powei-9 which he thus deseribed from the traditiona 
i down of fbrmef iiivenlione which had been neg- 
iclsd and albwed to fall into oblirion ; for before the 
Jon of printing, which enabled the reBults of invea- 
^lion nnd expenetice to be Iniasured up in hooks, there 
la grciit risk of ihe inventions of one age being lost to \ 
B tncueodmg gent-FBtions. Yet Disraeli the elder is 
fwoiim tlwt tlje Romans had invented printing without | 
tag aware of it i or pcrhnps the senate dreaded the i 
KiTeniences atteniticig its use, and did not core to deprive ' 
H large body of scribes of their employment. They evec 
1 altreofypes, or immovnble printing- types, to stamp 
MJons on their pottery, specimens of which BtiU 
In Cliina the art of printing is of groat antiquity, 
illhogniphy ■was well known in Germany, by the very 
i wliieh it stiU hears, nenrly three hundred yeora 
ftre Senefeldcr rdnveiited it ; and specimens of the 

, are yet to be seen in the Royiil Museum | 
t Hunich.* 

1 SteaiR-locomulion, by sea and land, had long been J 
I of atid allemplod. Bluaco de Ganiy made I 

• tUOOAlUj FoURsittn, Vieia-fftMf, I. S3D. 
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cxi>eriment in the harbor of Barcelona as earlj as 1548 ; 
Denis Papin made a similar attempt at Cassel in 1707 ; 
but it was not until AVatt had solved the problem of the 
steam-engine tiiat the idea of the steamboat could be de- 
veloped in practice, which was done by Miller of Dals- 
winton in 1788. Sages and poets have frequently fore- 
shadowed inventions of great social moment. Thus Dr. 
Darwui's anticipation of the locomotive, in his Botanic 
Garden^ published in 17D1, before any locomotive had 
been invented, might almost be regarded as prophetic: — 

** Soon shall thy arm, unconqiiered Steam 1 afar 
Drag the slow barge, and drive the rapid car." 

Denis Papin first threw out the idea of atmospheric 
locomotion ; and Gauthey, another Frenchman, in 1782, 
})rojected a method of conveying parcels and merchandise 
by subterraneous tubes,* alter the method recently pa- 
tented and brought into operation by the London Pneu- 
matic Despatch Company. The balloon was an ancient 
Italian invention, revived by Mongolfier long after the 
original had been forgotten. Even the reaping-machine 
is an old invention revived. Thus Bamabe Googe, the 
translator of a book from the German entitled " The 
whole Arte and Trade of llusbandrie," published in 
1.'377, in the reign of Elizabeth, speaks of the reaping- 
macliine as a worn-out invention, — a thing "which was 
woont to be used in France. The device was a lowe 
kinde of carre with a couple of wheeles, and the frunt 
armed with sharpe syckles, whiche, forced by the beaste 
til rough the corne, did cut down al before it. This 
tricke," says Googe, '' miglit be used in levell and 
champion coun treys ; but with us it wolde make but 
ill-favoured woorke." f 1 1*® Thames Tunnel was thought 

• Memoiret de V Acndemie ties Sciencex, 6 February, 1826. 
t Farmer's Mufjazine, 1817, No. LXXl. 291. 
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P entirolj' new manifestation of engioeeriog genius ; but 
e tuime] onder the Euphrates at ancient Babylon, and 
tiiat under the wide mouth of the harbor at Marseilles (i 
niucli more diirx'ult work), show thiit the ancients were 
beforehand with us in the art of tunnelling. Macadam- 
ize)] roads lire as old aa the Roman empire ; and sus- 
pension-bridges, though coiaparatiTely new in Europe, 
liace heen known in Cliina for centuries. 
, There is eytry reason to believe — indeed, it seems 
IT' — that the Romans knew of gunpowder, though 
f only used it for purposes of lire-works i while the 
t at the destructive Greek-fire has heen lost alto- 
"When gunpowder came to be used for purposes 
t war, invention busied itaeli' upon instruments of de- 
roction. When recently examining the Museum of the 
AreeniJ at Venice, we wei* surprised to find numerous 
neapons of the fiOeentb and sixteenth centuries embody- 
ing the most recent English improvemeRts in arms, such 
I revolving pistols, rifled muskets, and breech-loading 
The latter, embodying Sir William Armstrong's 
a ides, though in a rude fonn, had been fished up 
1 the bottom of the Adriatic, where the ship armed 
b thetn had been sunk hundreds of years ago. Even 
Brkine^ sleam-gim was an old invention revived by 
Miardo da Vinci, and by him allribulcd to Arcliimc- 
Tlie Congreve-rocket is said to have aji Eastern 
irigin, Sir William Congreve having observed its de- 
niolive effects when employed by the forces under 
> Saib lii the Mahrattn war, on which he adopted 
i improved the missile, and brought out the invention 

riCfnl-gas was regularly used by the Chinese for ligbt- 
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inf^ purposes long before it was known amongst us. Hju 
droimtliy was jrcnernlly practised by the liomans* who 
cst:»!>lishc*<l baths wherever they went. Even clilomform 
is no new thii)<v. The use of ether as an anaesthetic waa 
known to Alhertus Magnus, who flourished in the thiiv 
tevnth century ; and in his works he gives a recipe for its 
prc'panition. In 1G81 Denis Fapin published his TVaiiS 
(hs Operations sans Doiileur, showing that he had dis- 
covered inetliods of deadening pain. But the use of anaes- 
th('li(»8 is much older than Albertus Magnus or Papin ; for 
th(! anci'Mtts had their nepenthe and mandragora; the 
Chinese iheir mayo, and the E<r>'ptians their hachisch 
(both preparations of Cannabis Indica), the effects ctf 
which in a gi-eat measure resemble those of chloroform. 
Wliat is j)erhaps still more surprising is the circurastanco 
that one of the most elegant of recent inventions, that of 
sun-painting by the daguerrotype, was in the fifteenth 
century known to Leonardo da Vinci,* whose skill as an 
architect and engraver, and whose accomplishments as a 
cheniis^t and natural philosopher, have been almost en- 
tirifly overshadowed by his genius as a painter.f The 
idea, thus eai-ly bom, lay in oblivion until 1760, when 

* Vunx-Ntuf^ T. 19. See also Inventa yowi-Aniiqua, 803. 

t Mr. Hallain, in his Introduction to the History of Europe^ pronounces 
the following remarkable culogiuni on this extraordinary genins: "If 
any doubt could be harbored, not only as to the right of Leonardo da 
Vinci to stand as the Hr-st name of the fifteenth century, which is be- 
yond all doubt, but as to his originality in so many discoveriest^ which 
probably no one man, especially in such circumstances, has ever made, 
it must be on an hypothesis not very untenable, that some parts of 
physical soienco had already attained a height which mere hooks do 
not record." " Unpublished MSS. by Leonanlo contain discoveries 
and anticipations of discoveries," says Mr. Hallam. "within the com- 
pass of a few pages, so as to strike us with something like tiie awe of 
preternatural knowledge." 
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!■ div;uerrotj'pe was B^in dearly indicsteii in a book I 
is, writlL'ii by a curtain Tipliajue de la I 
Riicbe. under tlie atlngi'ainmulic lille of Giphantie. Still | 
Inii?r, at tlie beginning of tlie present century, we 
Juaiaii Wedgwoihl, Sir Ilumpliry Davy, nnd James Watt ' 
isperiments on tbe airtion of ligbt upou aitrate 
F Bilver ! and only wiUFin (lie last few luontiia a silvt-reil 
)pper-]ilate bus been found among:>t tbe old household 
[nmberof Mattliew Uoulton (U'att'a pajtner), having oa 
it ft leproaentatiou of the old [iremiaeB at Sobo, apparently 1 
n liy some aiicti pifocess.* j 

In like manner, tlie invention of tbe electric telegraph, 
eoppoBed to be exulusivt'ly modem, woa clearly indji-ated 
liy Scbwunter in bis DelaasemeaU Pkyeico-Miuhimuliqaes, 
Itulilished in 1C3G; and lie there pointed out how two 
individuals could communicate with eacli other by mi 
of the magnetic needle. A century Inter. Ju 174C, La I 
Alonnier exliiblted a scries of cxporimcnls in the Jtoyal \ 
Gardens at Pai'Js showing bow electricity could be trans- i 
milted through iron wire nine hundred and fifty fathoms J 
in length; anil in 17d3 we find one Cbarlea Iklarahall j 
dilishing ft remarkable description of the electric tel- 
niph in the Scots' AlagnTine, under the title of "An 
X|>e(IitioU3 Method of convoying Inlelligence." Again, i 
17Cfl, we find George Louis Lcsage, Professor of S 
t Geneva, promulgating his invention of I 



■ II18 pintfl is now 1(1 he tuen nt the Museum of Pntenta nt South 
hi tile iiccounl whTuli hm been publWbeil of Ihs nl 
I ttndd that "an old man of ninety {recently dead or 
4 WColl«CI«d, or Ttvollects, thnt Wnlt nnd othen uied to t 



b WBhm Heechey, begging llio Lunar Society t 
mts OS, wore tlie proceas to tacceed, Itv 
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nti vU'.cine telon^raph, which he eventoallv completed and 
ml to work in 1774. This inetrument was composed 
of Iwoiiiy-fbiir metulllc wii'cs, separate from each other 
iitid (MuloHcd in a non-conducting substance. Kavh wire 
t'UiU'A in a Htalk mounted with a little ball of elder-wood 
HUH|H'n(i(Ml hy a silk thread. When a stream of elec- 
tricity, no matter how slight, was sent through the wire, 
thi; I'hicr-ball at the opposite end was repelled, such 
movement (h'Hignating some letter of the alphabet. A 
few ynirn hiter, we find Arthur Young, in his Tranth 
in Fnitirr, <les('ribing a similar machine invented hj a 
M. Lomond, of Paris, the action of which he also de- 
K.<'iihcs.* In these and similar cases, though the idea 
wiiH burn and the model of the invention was aetuaUy 
miide, it htill waited the advent of the scientific mechan- 
ical in\entor who should bring it to perfection, and em- 
body it in a practical, working form. 

Souk* of the most vahiable inventions have descended 
to UH without the names of their authors having been 

• " null Oct. I7S7. Ill the evening to M. Lomond, a very ingenions 
mill liiviMitivo iiu'('li!iMi<*, who hnn made nn improveraent of the jenny 
fur Hpiiiiiiii^ cotton. ('Oininon mnchines are Raid to make too hard a 
tlirciiii for cortiiiii rMl)i-icH, but this forms it loose and spongy. In elec- 
liiciiy hn hiis in:ulc a reinnrkablo discovery: you write two or three 
words on a ])Mpcr ; he takes it with him into a room, and turns a 
iiiiicliine enclosed in a cylindrical case, at the top of which Is an elec- 
trometer, a small flno pith-ball; a wire connects with a similar cylinder 
niid clectronieter in a distant apartment; and his wife, by remarking 
the corresp<inding motions of the ball, writes down the words they 
indicate; iVoin which it a]>pears that he has formed an alphabet of 
motions. As the length of the wire makes no difference in the effect, 
a correspondenoo might be carried on at any distance : within and 
without a besieged town, for instance; or for a purpose much more 
worthy, and a thousand times more harmless, between two lovers 
prohibited or prevented from any better connection. Whatever the 
UHO may bo, the invention is beautiful.** — Arthur Youno*8 TitntU 
in France in 17 b7 - 8 - 9. Loudon, 1792, 4to ed., p. 65. 
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ervetl. We are the inherilore of an immense leganyl 
F the resulba of labor and ingenuity, but we know 
the names of our benefactors. Who invented the watch:] 
as a mensuicr of time? Who invented the fast and'l 
loose pulley ? Wlio invented tlie eccentric ? WLo, asks I 
a mechanical Inquirer,* " invented the method of cutting 
Bcrews with stocks and dies ? Whoever he might be, lie 
was certainly a great benefactor of liis species. Yel 
(adds the wiiter) his name is not known, though the 
iiiyenliou has been so recent." This is not, however, 
tliB case with most modem inventions, the greater num- 
ber of which are more or less disputed. Who was enti- 
tled to the merit of inventing printing has never yet 
lieen determined. Weber and Senefelder both laid claim 
to the invention of lithography, Iboiigh it was merely 
old German art levived. Even the invention of the 
penny-postage system by Sir Rowland Hill is disputed ; 
Dr. Gray, of the British Itluscum, claiming to be its 
iveator, and a French writer alleging it to be an old 
French inveution.f The invention of tke steamboat has 
a claimed on behalf of Blasco de Garay, a Spaniard ; 
lin, a Frenchman ; Jonathan Hulls, an Englishman j 
tnd Patrick Miller of Dalswiiiton, a Scotchman. The 
iventJon of Ibo spinning-macliine has been variously 
triboted to Paul, Wyatt, llargreaves, lligley, and Ark- 

f • Mtfhmlc'i Mng-'iittt. <tli FBbrnniy, 18S9. 

\i A uriWr in tho jtAnufe >aj-s: "Tbs Uivoullon ofposUige-stampe [a 
ir fimm be<pg >a moilerD Bs is genemlly nupijOEed. A poitnl ri 
n to Fmnce of tha year 1BS3, wliioli hns recenlly coino to liglit, J 
bva noIlcB or the i^i-CHlioii of pra-paid t[cketc to be Died for PnrltiJ 
r money jiHymenti. These tickets Tere (o be dnted n 
:e the teller or irnipped round It, In such m mnnner I 
D could rBtnnre end relnjn Ihein on delivering the 
t (Muki wore to be soM by the porters of tlie conTente, 
{M, tad oOwt publia inilitutloiiB, at the price of one boo.* 
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wnght. The inventron of the bftlanoe-»pring was ^lailned 
by Iluyghens, a Dutchman ; Hantefcnille, a FrencbsmD; 
and Ilooke, an Englishman. There is scarcelj n pmnt 
of detail in the locomotive but is the mbject of dispute. 
Tlius, the invention of the blast-pfpe is daxRied foft 
Trevithick, George Stephenson, Gk)ldsworthy Gnrney, 
and Timothy Hackworth ; that of the tubular boiler, by 
Scguin, Stevens, Booth, and W. H. James ; that of tin 
link-motion, by John Gray, Hugh Williams, and RcftieTt 
Stephenson. 

Indeed, many inventions appear to be coinddesft A 
number of minds are working at the same tittye in fhe 
same track, with the object of supplying some want gen- 
erally felt ; and, guided by the same experience, they not 
unfrequently arrive at like results. It has sometimes 
liappencd that the inventors have been separated by great 
distances, so that piracy on the part of either was impos- 
sible. Tlius, Hadley and Godfrey almost simultaneously 
invented the quadrant, the one in London, the other in 
Philadelphia ; and the process of electrotyping was in- 
vented at the same time by Mr. Spencer, a working 
chemist at Livei-pool, and by Professor Jacobi at St. 
Petersburg. The safety-lamp was a coincident inven- 
tion, made about the same time by Sir Humphry Davy 
and George Steplienson; and perhaps a still more re- 
markable instance of a coincident discovery was that of 
the planet Neptune by Leverrier at Paris and by Adams 
at Cambridge. 

It is always difiicult to apportion the due share of 
merit which belongs to mechanical inventors, who are 
accustomed to wt)rk upon each other's hints and sugges- 
tions, as well as by their own experience. Some idea 
of this difficulty may be formed from the facl^ that« in 
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3 of our investigations as to the ori^n of the: 
g-ina.cl(inc, — one of liia most useful of modent' 
: have found that it lias been claimcil oa 
: of Dtiihy, Roberta of 
KSlCT, Matlliew Murray of Locda, Spring of Aber- 
I, CluDient 'anij Gtorgc R«nnie of London ; and tiiera< 
e Otliei' dniraanlfl of iviiom we have not jet hoMrd. 
t mechanical inventions ore of a very comjiosita 
cter, and are led up to hy tho labor and the study 
a toBg euocession of workers. Thus, Savary and New- 
n led up to Walt; Cugnot, Mui-dock, and Ti'evithidt, 
e Stq)heneons ; and Maud»liiy, lo CleiHcnt, Koberta, 
Nasniyth, Whitworth, and many more raedianical in-, 
ventora. There is scarcely a process in the utts liut has 
in like manaer engaged mind after miud in hiiiigin; 
n perfection, " There ia notliing," Bays Mr. Ilawksbaw*, 
eally uorLli having, that man has obtained, that lias not; 
a (he result of a combined and gradual process of 
nigation. A gifted individual comes across aomo 
mark, stumbles on a chain of previous reseai-cli and 
iqiury. He meeta, for instance, with a machine, llie 
^ult of much previous labor; he modifies it, pulls it to, 
i, constructs and reconsti'Ucta it, and, by further tri;d 
d experiment, lie ari'ivua at tlie long-sou ght-for result."*! 
But tbo midiing of the invention is not the sole diffi- 
SUlly- It is one thing lo invent, said Sir Mare Itrunel, 
IBi4 Knottier thing to make the invention work. Thus 
lirhen Watt, after long labor and study, bad brouglit lus 
i)ivctttiuii to completion, he encountered an obstadu whick 
I Btood in the way of oilier inventors, and for a tinie, 
satvi the introduction of their improvement's if not. 
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led to their being laid aside and abandoned. This -was 
the circumstance that the machine projected was bo much 
in advance of the mechanical capability of the ago tlmt 
it was with the greatest difficulty it could be executed. 
When laboring upon his invention at Glasgow, Watt was 
balllcd and thrown into despair by the dumsiness and 
incompetency of his workmen. Writing to Dr. BoebmJc 
on one occasion, he said, ^^ You ask what is the principal 
hinderance in erecting engines ? It is always the smith- 
work." His first cylinder was made by a whitesmith, of 
hammered iron soldered together, but having used quick- 
silver to keep the cylinder air-tight, it dropped through 
the inciinalltics into the interior, and '^ played the devil 
with the solder." Yet, inefficient though the whitesmith 
was, Watt could ill spare him, and we find him writing 
to Dr. Roebuck almost in despair, saying, " My old white- 
iron man is dead I" feeling his loss to be almost irrepar- 
able. Ilis next cylinder was cast and boi*ed at Carron, 
but it was so untrue that it proved next to useless. The 
j)iston could not be kept steam tight, notwithstanding the 
various expedients which were adopted of stuffing it with 
paper, cork, putty, pasteboard, and old hats. Even after 
Watt had removed to Birmingham, and he had the assist- 
ance of Boulton's best workmen, Smeaton expressed the 
opinion, when he saw the engine at work, that, notwith- 
standing the excellence of the invention, it could never 
be brought into general use because of the difficulty of 
getting its various parts manufactured with sufficient pre- 
cision. For a long time we find Watt, in his letters, 
complaining to his partner of the failure of his engines 
through ** villanous bad workmanship." Sometimes the 
cylinders, when cast, were found to be more tlian an 
eighth of an inch wider at one end than the other ; and 
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r Euch circnm stances it was impossible 
d act with precision. Yet better wmk could not be 
Firet-rate workmen in macliinery did not as yet 
i they were only in process of education. Nearly 
'• had to be done by hand. The tools used 
1 very imjierfect kind. A few ill-constnicled 
Intlies, with some drills and boring-machines of a ruda 
sort, constituted the principal fumitnre of the workBlio|ft 
iS'ean after, when Brunei invented his block- maehinea,! 
nnsiderable time elapsed before he could find competent 
construct them, and even after they had 
I constructed he had equal difficulty in finding 
mt hands to work them.* 
I Watt endeavored to remedy the defect by keeping ceiv 
s of workmen to special classes of work, allowiug.. 
them to do notliing else. Patliera were induced to 
tip their sons at the same bench with themselves, and. 
initiate them in the dexterity wltich they had acriuired 
tiy experience ; and at Sobo it was not unusual for the 
same precise line of work to be followed by members of 
tlie sarae family for three generations. In this way as 
Bat a degree of accuracy of a mechanical kind 
■as practicable under the circumstances. 
otnitlieianding all this care, accuracy of fitting could not- 
8 secured so long as the manufacture of steum-enginea 
t conducted mainly by hand. There was usually 
nalderable waste of' steam, which the expcdicuta of 
Itewcd pnper and greased bats packed outsiiie tlie pi 
^ient to remedy; and it was iiul until 
Invention of automatic machine^toola by llie mecliai 
Inducers about to be meniioiied, that the munuliii' 
r the steam-engine became a mailer of compaialiv* 
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ease and certainty. Watt was compelled to rest satinfied 
Tnth imperfect results, arising from imperfect workman^ 
sliip. Thus, writing to Dr. Small respecting a cylinder 
eighteen inches in diameter, he said, '^at the worst place 
the long diameter exceeded the short by only diree 
eighths of an inch." How different from the State of 
things at this day, when a cylinder five feet wide will 
be rejected as a piece of imperfect workmanship if it 
be found to vary in any part more than the eightieth 
part of an inch in diameter! 

Not fifty years since it was a matter of the ntmoet 
difficulty to set an engine to work, and sometimes of 
equal difficulty to keep it going. Though fitted by com- 
petent workmen, it often would not go at alL Then the 
foreman of the factory at which it was made was sent 
fpr, and he would almost live beside the en^ne for a 
month or more ; and after easing her here and screwing 
her up there, putting in a new part and altering an old 
one, j)acking the piston and tightening the valves, the 
machine would at length be got to work.* Now the 
case is altogether different. The perfection of modem 
machine-tools is such that the utmost possible precision 
is secured, and the mechanical engineer can calculate on 
a degree of exactitude that does not admit of a deviation 
beyond a thousandth part of an inch. When the powerful 
oscillating engines of the " Warrior " were put on board 

* There was the same clamsiness in all kinds of mill-work before 
the fntroduction of mncliine-tools. We have heard of a piece of imv- 
chinery of the old school, the wheels of which, when set to work, 
made such a clatter that the owner feared the engine would fiitl to 
pieces. The foreman who set it agoing, afler working at it until be 
was almost in despair, at last gave it up, saying, **1 think we had 
better leave the cogs to settle their differences with one anothfiOr: th^ 
will grind themselves right in time 1 " 
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bat ship, till! parts, consisting of some five tliousi 

rate pieces, were brought fi'om llie different workshops 

I Messrs. Penn and Sons, where they had 1 
lade by workmen who knew not the jihiccs they wei 
occupy, oiid fitltMl togctljcr with sueli prct^ision that a 
n as the steam was raised and lot into ihe cylinders 
3 immense macliine began as if to breathe and i 
e a living creature, stretching its huge arms like a i 
It giant, and then, after ])ractising its strength a . 
d proving ils soundness in body and lirali, it Btarled a 
1 the power of above a thousand horses to try t 
sngth in brcisling tJio billows of the North Sea. 
Such are among the triumplis of modern meclianicall 
Bngineerjng. due in a great measure to the perfuctioft I 
f the toob by means of wliich all works in metal ar^'V 
r fashioned. These tools are tlicniselvc 
St fitriking results of the mcehauicul invention of tho | 
Any. They are automata of the most pei-fect kind, i 
Icring the engine and mauliinc-maker in n great i 
bdepcfident of inferior workmen. For tlie macliine toola 
J unsteady hand, are not careless nor clumsy, do 
t work by rule of thumb, and cannot make mistakes, 
jr will repeat their opei'ations a thousand times widi- 
■r varying one hair's breadth in their a 
1 will turn out, without complaining, any quantity of J 
c, aQ of like accuracy and fiuish. ExeroiKing as th^~ 
3 eo remarkable an iuflucncc on the develojimcnt of| 
I industry, we now propose, so far as tliE 
S at our disposal will admit, to give an netoont i 
r principal inventors, beginning with the school of| 



CHAPTER XI. 



Joseph Bbamah. 



'i-ne great Inrentor is one who has walked forth upon the Indiistrial woffd, 
not frum universities, Imt from hovels ) not at clad in silks and decked wi'^ 
honors, but as clad in fustian and grimed with soot and oil.**— Isaao Tatuib, 
Ultimate Civilization, 



The inventive faculty is so strong in some men that it 
may be said to amount to a passion, and cannot be re- 
strained. The saying that the poet is bom, not made, 
applies with equal force to the inventor, who, though in- 
debted like the other to culture and improved opix>rtuni- 
ties, nevertheless invents and goes on inventing mainly to 
gratify his own instinct. The inventor, however, is not 
a creator like the poet, but chiefly a finder-out. His 
power consists, in a great measure, in quick perceptign 
and accurate observation, and in seeing and foreseeing 
the effects of certain mechanical combinations. He must 
possess the gift of insight, as well as of manual dexterity, 
combined with the indispensable qualities of patience and 
perseverance, — for though baffled, as he often is, he must 
be ready to rise up again unconquered even in the mo- 
ment of defeat This is the stuff of which the greatest 
inventors have been made. Tlie subject of the following 
memoir may not be entitled to take rank as a first-class 
inventor, though he was a most prolific one ; but, as the 
founder of a school from which proceeded some of the 
most distinguished mechanics of our time, he is entitled 
to a prominent place in this series of memoirs. 



.iOSerO BBAIIAH. 

Joeepti Bnunah was born in 1748 at the Tillnge 
ptainborougfa, near Bamsley in YorkBhire, wliere hi» 
fttfaer rented a smiill farm under Lord Stroflbi'd. Joseph 
was the clde!>t of five children, and waa early destined to 
K'tlow tlie plough. After receiving a small amount of edu- 
1 at the Tillage school, he was set to work upon the 
From an early period he showed aigns of con- 
Njlructive eliilL When a mere boy, be occupied his leisure 
"bours in making musical instruments, and he succcede 
executing some ei-cditable pieces of work with very 
jjerfeet tools. A Tiolin, wliich he made out of a solidi 
t of wood, wiia long preserved as a curiosity. 
o fortunate as to be able to make a friend of 
H blacksmith, whose smithy he wa^ in the praeti 
^tienting. The smith was an Ingenious workman, 
g taking a liking for the boy, he made sundry 
b for Lim out of old files and razor blades ; and 

!, his fiddle and other pieces of work were maiulj 
ecuted. 

ight have remained a ploughman for life, hi 
1 accident whieh happened to his right ankle at it 

I, wliich unfitted him for farm-work. Wliilftj 
Ined at home disabled, he spent liis time in ci 
g things in wood; and then it occurred I 
t, though ho could not now he a. ploughman, he 
a mechanic. Wlien sufficiently recovered, ho w 
ingly put apprentice to one AUolt, the village earpen- 
', nnder whom he soon became an expert norkmao. 
i fiould make ploughs, window-frames, or fiddles, 
yul dcktcrity. lie also made violonrelloa. and wi 
fertanftte as lo sell one of his making for tlirc'e giiincaa,' 
prhich ia still reckoned a good instrument. He doubileMJ 
Ifalt within him the promptings of amhUion, such 
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good MTorkman feels, and at all events entertained the de- 
sire of rising in his trade« When his time was t>ut, he 
accordingly resolved to seek work in I.<ondon, whither he 
made the journey on foot He soon found work at a cabi- 
net-maker's, and remained with him for some time, after 
which he set up business in a very small way on his own 
account. An accident which happened to him in the 
course of his daily work, again proved his helper, by 
affording him a degree of leisure which he at once pro- 
ceeded to turn to some useful account. Put of las hoBi- 
ness consisted in putting up wateiM^osets, af)ter a method 
invented or improved by a Mr. Allen; bat the article 
was still very im{)erfect ; and Bramah had long resolved 
that if he could only secure some leisure for the purpose, 
he would contrive something that should supersede it al- 
together. A severe fall whidi occurred to hira in the 
course of his business, and laid him up, though very 
much ngninst his will, now afforded him the leisnre whic^ 
he desired, and he proceeded to made his proposed inven- 
tion. He took out a patent for it in 1778, describing 
himself in the specification as ** of Cross Court, Camaby 
Market [Golden Square], Middlesex, Cabinet Maker." 
lie afterwards removed to a shop in Denmark Street, St. 
Giles's, and while there he made a further improrement 
in his invention by the addition of a water-cock, which 
he patented in 1783. The merits of the machine were 
generally recognized, and before long it came into exten- 
sive use, continuing to bo employed, with but few altera- 
tions, until the present day. His circumstances improving 
with the increased use of his invention, Bramah proceed- 
ed to undertake the manufacture of the pumps, pipes, &e^ 
required for its construction ; and, remembering his friend 
the Yorkshire blacksmith, who had made his first tools iot 



Urn out of the old files and razor-blndes, lio sent for liii 
D London tu lake charge of liU bluckamith's dtpaitmei 
1 which ho proved a most useful assUtant. As usuali 
i patent was attacked hj pirates bo soon ns it beairafl 
odnrtivc, and Bi-amali was under the pecessity. on mora 
n one orcasion, of detending hia property in Uie iuv&D- 

D which he wits coinplctel]' Buccessful. 
Wa next find Bramah turning his attention to the in* 
pention of a lock that should surpass all others then 
The locka then in ose were of b very imperfect 
chnmcter, cosily picked by dexterous thieves, aguinst 
ffrhom tliey alForded little protection. Yet locks are a 
rery ancient invention, though, as in many other essei^ 
&e art of making them seems in a great measure to havft 

I lost, and accordingly had to be found 

S'hus the tumhlcr lock, — which consists in tlie use of 

Utvahle impedimenta acted on by the proper key onlyi, 

I contradistinguished Irom the ordinary ward locks, 

1 imjieilimente are fixed, — appears to lm%'e 

been weJl-known to the ancient Egyptians, the represen- 

1 of such a lock being found sculptured nmnng the 

a-relieia which decorate the gi'eat temple at Knmid& 

i kind of lock was revived, or at least greatly im- 

roved, by a Mr. Barron, in 1774, and it was sborflj- 

ter this time that Bramah directed his attention to ths 

nl^ect. After much study and many experiments, he 

mtrtv-ed a lock more simple, more serviceable, as well 

B looro secure, than Bari'on's, as is proved by the fact 

iiat it l)as stood the test of nearly eighty years' exp©* 

ance," and still holds its ground. 

L • Tll« lock inTBiited bj Bnitniih mis put 
^- llfftilly Ml forth IhoBpeciflo dk - 
HIM tta Cantli-wtlm of Loclm. 
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deed, Bramah's lock was regarded as absolutelf inyiolable, 
and it remained unpicked for sixty-seven j^ears, until 
Ilobbs, the American, mastered it in 1851. A notice 
had long been exhibited in Bramah's shop-window in Pio- 
cadiliy, oifering 200/. to any one who should succeed in 
picking the ])ntcnt lock. Many tried, and all failed, until 
Ilobbs succeeded, afler sixteen days' manipulation of it 
with various elaborate instruments. But the difficulty 
with wliich the lock was picked showed that, for all ordi- 
nary purposes, it might be pronounced impregnable. 

The new locks were macliines of the most delicate kind, 
the action of which depended in a great measure upon the 
precision with which the springs, sliders, levers, barrels, 
and other parts were finished. The merits of the inven- 
tion being generally admitted, there was a considerable 
demand for the locks, and the necessity thus arose for in- 
venting a scries of original macliine-tools to enable them 
to be manufactured in sufficient quantities to meet the 
demand. It is probable, indeed, that, but for the contriv- 
ance of such tools, the lock could never have come into 
gcncnil use, as the skill of hand-workmen, no matter how 
experienced, could not have been relied upon for turning 

by hfm in 1798, he nmendcd his first with the object of preventing the 
counterfeiting of Iccvr, and suspending the ofl^ce of the lock until tlie 
key was again in the possession of the owner. This he effected by 
enabling the owner so to alter the sliders as to render the lock inacs- 
cessible to such key if applied by any other person but himself, or 
until the 8li<ler8 had been rearranged so as to admit of its pmper 
action. We may mention in passing that the security of Branuib's 
locks depends on the doctrine of combinations, or multiplication of 
numbers into each other, which is known to increase in the most rapid 
proi)ortion. Thus, a lock of five slides admits of 3,000 variations, while 
one of eight will have no less than 1,935,360 changes; in other words 
that number of attempts at making a key, or at picking it, nmy bt 
niade before it can be opened. 



it the article with that do^e of accuracy and finish ii 
I the parts which was indispensable tor its proper action 
L conducting the manufaetiii'e throughout, Braraali wai 
'GAlljr asaiatL'd hy Henry DInudalny, hia Ibrcrajin, to whon 
I was in no emnll degree indebted for the eontrivnnco' 
' tboee tool-mn chines wliich enabled him to cnixy a 
isinesB of lock-n:iaking with advantage and profit. 
Bramnh'a indefatigable spirit of invention wob only 
imulated to IreHh elforta by the suuness of hia lock ; and 
the course of a few years we find him entering upon a 
ore important and original line of action than he had 
it ventured on. His patent of 1785 shows the direction 

hia stndiea. Watt had invented hia steam-engine, 
lich was coming into genei-al use ; and the creatii 
jlire-power in various other forma hecfime a favorite 
bject of inquiry with inventot's. Braiiiah's first h 
a with this object was his hydrostntie machine, founded 

the doctrine of the ei^uilibrium of pressure in fluids, 

>ited in tJie well-known " iLjdrostalic paradox." 
1 patent of 1785, in which he no longer describes him- 
fas " Cabinet-maker," but "Engine-maker" of Picca- 
ly, he indicated many inventions, though none of them. 
ne into practical use,— such as a liycli-ontaticiil machii 
3 boiler, and the appliciiiinn of the jiower produced by 
aa to the drawing of carriages, and the propelling of 
in by a paddle-wheel Rxed in iho stern of the v 
which drawings are annexed to the spccilicniion 
inu not DntU 1795 that he patented !Js hydrostatic or* 
'finutic press. 

Thoagh tlie principle on which the hydraulic-press is 
aided bad long lieen known, and formed the suljject of 
loU curious speculation, it remained unproductive of 
ults until a comparatively recent period, when the 
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occurred of applying it to incchaDic:il purposes. A m** 
chine of the kind was indeed proposed by Pascal, the 
eminent philosopher, in 1GG4, but nit^e than a century 
ehi])8ed before the ditFu^ultics in the way of its constmo- 
iion wero pntisfiiotorily overcome. Bramah's machine 
conHitfts of a larn^e and massive cylinder, in which there 
works an accurately-iitted solid piston or plunger. A 
forcing-pump of very 8mall bore communicates with the 
lK)ttom of the cylinder, and by the action of the pump- 
handle or lever, exceeding small quantities of water are 
foi*ctul in succession beneath the piston in the large cylin- 
der, thus gradually raising it up, and compressing bodies 
whose oulk or volume it is intended to reduce. Hence it 
is most commonly used as a ])acking -press, being sui)erior 
to every other contrivance of the kind that has yet been 
invcntcil ; and though exercising a prcxligious force, it ia 
HO easily njanaged that a boy can work it. The m«ichine 
has been employed on many extraordinary occasions in 
\nv\\ ivncc to other methods of apj)lying power. Thus 
Ivohcrt Stephenson used it to hoist the gigimtic tubes of 
the nritannia Bridge into their bed,* and Brunei to launch 
the Gi*eat Eastern steamship from her cradles. It has 
also been used to cut bare of iiH)n, to draw the piles diiven 
in forming coifer dams, and to wrench up trees by the 
i-oots, all of which feats it accomplishes with comparative 
ease. 

The principal difiiculty experienced in constructing the 
liydraulic-press before the time of Bramali arose from the 
tremendous pressure exercised by the pump, which forced 
the water through between the solid piston and the side 
of the cylinder in which it worked in such quantities as to 

* The weight raised by a single press at the Britannia Bridge wai 
1,144 tons. 



nider ibG presG use1e;>? for pmdicnl pnrposcB. Itntm^ ■■ 
fclraself wns Bt li«l oompletely baffled by this difficiritj!. T 
E^ will tio oliserved, Uial the problem was to eoccrre a jniM 
^-vfliciently free to ^et tlie pbtoa eUde up thraugli it, ami I 
*\.t iIks same lime so water-tig^it as to withstand the intef I 
Vxal force of tlie pump. These two eonditians aeemiHl ed' ] 
^ionfliuling thiit Bmmiilt wiis almost at his wit"B enfl, and j 
fV>r a time despsired of being iihle to bring the mnclune 1( 
aa. slate of prai'tical efficiency. None but tiiose wiio have 
<sccwpied theraaelvcfl in llie laborious and often profitlesa 
"CiAsk of helping the worhl to new and useful machines, am 
luwe any idea of the tantnlizing anxiety which aria's from 
^Uie apparenlly petty Btumbiing-lilocks, whkii, for a wJiile, 
£mpede the realizntion of a great idea in mechanical in- 
^^eation. Sucli was the case with the watei'-tigfit arrange- 
%nent in the liydraQlic-prcss. In his early experimente, 
^ramah tried the expedient of the ordinaiy stuffing-box 
ifer tl» purpose of securing the required water-tightness. 
Xbat is, a, coil of hemp on leather wnahera was pine 
1 reeesE, so aa to fit tightly round the moving ra 

1, and it was further held in its place hf means of a. ] 
mpressing eollar forced liard down by strong scwwai 
B dafect of this arrangement was, that, even suppoatBg 
G packing could be m:ide sufficiently tight to resist th» j 
i of the water urged by the tremendous pressuro- ] 
1 beneath, such was the grip which the eompresseS I 
terial took of the ram of the press, that it co«M riot bs.J 
■ got to return down after the ivatcr pressui'e had beeOH 
|,nnnoved. 

In tilts dilemma, Bramah's ever-ready workman, Heni^ 
' Muudslay, came to his rescue. The happy idea o 
to him of employing the pressure of the water itself b 
pve tlm requisite water-ti^tnees to the collar. It « 
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flash of common-sense genius, — beautiful through its very 
simplicitj. Tlio result was Maudslaj's self-tightening 
collar, tlie action of which a few words of description will 
render easily intelligible. A collar of sound leather, the 
convex side upwards and the concave downwards, was 
fitted into the recess turned out in the neck of the press- 
cylinder, at the place formerly used as a stuffing-box. Im- 
mediately on the high-prcpsure water being turned on, it 
forced its way into the icathern concavity, and ^ flapped 
out *' the bent cdnres of the collar ; and, in )3c doing, caused 
the leather to api)ly itself to the surface of the rising ram, 
with a degree of closeness and tightness so an to seal up 
the joint the closer, exactly in proportion to tiio pressure 
of the water in its tendency to escape. On the other 
hand, the moment the pressure was let off and the ram 
dcsii'cd to return, tlie collar collapsed and the ram slid 
gently down, perfectly free, and yet perfectly water-tight. 
Tlius, the former tendency of the water to escape by the 
side of the piston was by this most simple and elegant 
self-adjusting contrivance made instrumental to the per- 
fectly elHcient action of the machine ; and from the mo- 
ment of its invention the hydraulic-press took its place as 
one of the grandest agents for exercising power in a con- 
centrated and tranquil form. 

Bramah continued his useful labors as an inventor for 
many years. His study of the principles of hydraulics, 
in the course of his invention of the press, enabled him to 
introduce many valuable improvements in pumping-ma- 
chinery. By varying the form of the piston and cylinder 
he was enabled to obtain a rotary motion,* which he ad- 

* Dr. Thomas Yonn^, In his article on Bramah in the Enctfchpcedia 
Britannica^ describes the '* rotative principle " as consisting in making 
the iMurt which acts immediately on the water in the form of ft alidar 



inla^oai'ly npplied to ai&aj purposes. Thus he tidopledfl 

b in llie well-known fire-engine, the use of wlibh ha* 

most become universDl. Another [lOpular machine of 

'a 18 the beei>-puinp, pBtontod in 1 797, hy which the pub- 

s enabled to raise Trom t!ie casks in the cellar be- 

iexQi the various liqunrs soUl by him over the counter. 

irXJe alfio took out several patents for the improvcTnent of 

^tbe Btenm-onginc, in wiiith. however, IVatt left little room 

r other inventors; and hence Bramah seems to have 

■itortained a grudge against Watt, which broke out 

rceljr in the evideni:e iriveii by him in the case of Boul- 

n and Watt i-erstts Hornhlower and Maberly, tried In 

December, ITDfi. On that oei'asion liia temper seems to 

liave got the better of his judgment, and he was cat short 

Jij the j'ldge in the attempt whii-h lie then made to submit 

9 contents of the pampldet subsequently published by 

a in the form of a letter to the judge before whom the 

e W3B tried.* In that pamphlet he argued that Watt'a 

laition bad no definite meaning ; that it was incon- 

it and absurd, and could not possibly be understood ; 

hduit [he proposal to work steam-engines on the principle 

' condensation was eatirely fallacious ; that Watt'a 

thod of packing the {liston was "monstrous Btuptd- 

; that tlie engines of Newcomen (since entirely su* 

id) were iniinitely superior, in all respects, to 



n it! plBfB by mMm 
in probsbly Bnrninh'i 

Ilea Kiipett, ntid Dr. 
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■In- ta lie Right Hon. Sir Jnmt Eyi-', l/ird Chirf Jvilict i 
•a PIriii, an CAr mbjlcl nf^t <nu» Bmllim and WaU v. Hon 
Ibima- nod Mahnly, far h.fn<i'jemfnl on St.: WaiCt Pnltal for a 
/mproivniei'I of llie Sfc(ifn-£itj(iHfi. By Joieph BrBamh, EDginea 
UiuJou. 17BT 
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those of Wntt; — conclusions which, we need scnrody 
say, have been refuted by the experience of ncarij a 
century. 

On the expiry of Boulton and Watt's patent, Braraa) 
introduced several vnhiable improvements in the details 
of the condensing engine, which had by that time become 
an established ])0wer, — the most important of which was 
his " four-way cock," which he so arranged as to revolve 
continuously instead of alteniately, tVius insuring greater 
precision with considerably less wear of parts. In the 
siime patent by which he secured this invention in 1801, 
ho also proposed sundry improvements in the boilers, as 
well as modifications in various parts of the engine, with 
the object of ejecting greater simplicity and directness of 
action. 

In liis patent of 1802, we find Bramah making another 
great stride in mechanical invention, in his tools " for pro« 
ducing straight, smooth, and parallel surfaces on wood and 
other materials requiring truth, in a manner much more 
expeditious and peifect than can be performed bj the use 
of axes, saws, planes, and other cutting instruments used 
by luind in the ordinary way." The specification de- 
scribes the object of the invention to be the saving of 
manual labor, the reduction in the cost of production, and 
the superior character of the w^ork executed. The tools 
were fixed on frames driven by machinery, some moving 
in a rotary direction round an upright shafl, some with 
the sliaft horizontal, like an ordinary wood-turning lathe, 
while in others the tools were fixed on frames sliding: in 
statioLary grooves. A wood-plauing machine * was con* 

♦ Sir Samuel Benthnm and IMarc Isnmbard Brunei sabseqaently 
distiiipuislied tlicmselves by the invention of woorl-working machinery 
ftill accounts of wliicli will l)e found in the Memoirs of the former hy 
L&dy Hcniham, and in the Life of the Intto ' Mr. Beamishr 
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ftmcted on the principle of this invention at Woolwich 
ArsenaH where it still continues in efficient use. The 
axis of the principal shaft was supported on a piston in a 
rcssel of oil, which considerably diminished the friction, 
and it was so contrived as to be accurately regulated by 
means of a small forcing-pump. Although the machinery 
dcscril)ed in the patent was first applied to working ot 
wood^ it was equally applicable to working on metaJa 
and in his own shops at Pimlico, Bramah employed a 
machine with revolvhig cutters to plane metallic surfaces 
for his patent-locks and other articles. He also intro- 
duced a metliod of t-uming spherical surfaces, either coi> 
rex or concave, by a tool movable on an axis perpen- 
diculiir to that of the lathe ; and of cutting out concen- 
tric shells by fixing in a similar manner a curved tool of 
nearly the same form as that employed by common turners 
for making bowls. " In fact," says Mr. Mallet, " Bi-amalr 
not only anticipxited, but carried out upon a tolerably 
jiarge scale in liis own works, — for the construction of 
iJie patent hydraulic-press, the water-closet, and his locka 
'— a surprisingly large proportion of our modern tools." * 
His remarkable predilection in favor of the use of hy- 
draulic arrangements is displayed in his specification of 
the surface-planing machinery, which includes a method 
of running pivots entirely on a fiuid, and raising and de- 
pressing them at pleasure by means of a small forcing- 
pump and stop-cock, — though we are not aware that any 
practical use has ever been made of this part of the in* 
Tention. 

Bramah*s inventive genius displayed itself alike in 
UbbXL things as in great, — m a tap Avherewith to dra^ 

• •• Bwjord of the International Exhibition, 1862." Practical Me- 
;*• •Awm ii, 298. 
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a glass of beer, and in a hjdiaQlic mafhine capalde of 
tearing np a tree br the roots. His powers of oontriy- 
ance seemed inexhaustible, and were exercised on the 
most various subject^. When anj difficoltj oocorred 
which mechanical ingenuity was calculated to r e mov e , 
recourse was usually had to Bnupah, and he was rarelj 
found at a Ickss for a contrivance to overcome it. Thus, 
when apjilied to by the Bank of England, in 1806, to con- 
st met a maohine for more accurately and expeditiously 
printing the numbers and date lines on bank-notes, he at 
once pro.'ceded to invent the requisite model, which he 
com; lifted in the course of a month. He subsequently 
brouglit it to great j>erfection, — the figures in numerical 
succession 1>ein;r clian<vied bv the action of the machine 
itself, — and it still continues in regular use. Its em- 
ployment in the Bank of England alone saved the labor 
of a liundred clerks : but its chief value consisted in its 
greater accunicy, the jK?rfect legibility of the figures 
printed by it, and the greatly improved check which it 
afforded. 

We next find liim occup^-ing himself with inventions 
connected with the manufacture of pens and paper. His 
little pen-making machine for readily making quill pens 
long continued in use, until driven out by the invention 
of the steel pen ; but his patent for making paper by ma- 
chinery, though in;ienious, like everything he did, does not 
seem to have been adopted, the inventions of Fourdrinier 
and Donkin, in this direction, having shortly superseded 
all others. Among his other minor inventions may be 
mentioned his impiovcd method of constructing and 
Fledging carriag<i-w heels, and his improved metliod of 
laying water-pipes. In his specification of the last-men- 
tioned invention, he included tlie application of watei^ 



I 



poner to tbe driving of machinery of every deBcription, I 
and for boiBting and lowering goods in doi^ka and wan 
houses, — sinct: t-arried out in practice, though in a di 
'jffercnt manner, by Sir William Armstrong," In this, i 
In many olLcr mattars, Bramah shot ahead of the me- J 



' In this. Hi in other nietlioda of employiitg poner, tbe modeniB had 

been uilicipHled by lbs miclenla; aod tbougb hydraulic nutcblosry [■ 

a OouipKntivet;; raeent luvRDtlon In England, it had long been in use 

Thus se find iri Itr- Drigbt'i TnatU in Lotinr JTaoffar]! a 

il description of the ponerlli! bydmulio machinery Invented by M- 

it Chief Engineer of Ihs Imperial Mines, which hud been in use alnea 
ur VIM. ill pumping water fWim a depth of ISoa feet, from the 
14 mine* of Sobemnitz and Kremoitz. A heud of water 
was cullecled by rnnning h niEwrvDir along the mountahi side, from 
»-|iich it was condncled througli wnler.tigbt cast-iron pipes erected 
per^iendlcutarljr Jii tbe mliie-Blmft. About tbrty-flis ratboms down, 
lll« water descending tbroagh the pipe was tbroed by tbe weight of 
llie cqluinn nttore it into the batlon) of n perpendicular cylinder, [d 
which it miisd a water-tight piflon. *Vlien fiirced up to a given point 
a nll-Bc ling stop-cook tlint oft' the pres-nre of ths descending rolnmn, 
while ■ wlfHUlliig rake enabled tha water contained in the cylinder 
la Iw lii^chargBd, on which the ptston agiiiu deHL-ended, aud the proesaa 
was repealed like [lie succensive atrokc! of a steam-engine. Puuip- 
tmU were attached to this hydraulic apiMinitn!, which were carried to 
the bottooi of the (hurt, and each workeil a pump at different leVHli, 
Misiiig Ilie water itage by stage to the level of the main adit. Tha 
)iain|>i of these three several Btagen eacli raised 17110 cubio feet of 
water (Void ajiepth of COO feel iu the hour. The ref^iar working of 
Uia nachinery Was aided by the employment of a biilanoe-beain oon- 
li«i:led hj a chain witli the head of the lirgs pittou and pump-rodt; 
aud the whole of thexe powerful niuchinus — by muuii of three ol 
wiLich B> puch as Tli9,K10 gallons of water woro pumped out of the 
mines e*er}r twenty-tbnr hoars — were set in operatios and regulated 
merely by the turning of a stop-oaolc It will be observed tlial tlie 
amiiiiviuanC thus bri«flj' deicrilMd was equally applicabls to the 
wiirkiiig i>r machinery of all kn]il>, cranes, &.C., as well as p mps 
Blid it will be noted thai, imlwiths landing the ingeuaity of Bra ah, 
Armitrong, bikI other emuient En(!ll»b mecbanics. the Austrl 
giDevi Uuii wei tlius decidedly beforehand with them iu the praitical 
•pplIcMUoii oflhe principles of hydroalatica. 
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chnnical necessities of his time ; and hence many of big 
patents (of which he lieUl nt one time more than twenty) 
proved altogether pi-ofitless. His htst ])atent, taken out 
in 1814, was for the n}>plication of Roman cement to 
timlxT for tlie piiqwse of preventing dry-rot. 

Besides liis various meclianical pursuits, Bramali also 
followed to a certain extent the profession <^ a civil en- 
gineer, though his mora urgent engagements rendered it 
necessary for him to refuse many advantageous oficrs of 
employment in this line. He was, however, led to carry 
out the new water-works at Norwich, between the years 
1700 and 1793, in consequence of his having been called 
upon to give evidence in a dispute between the corpora- 
tion of that city and the lessees, in the course of which he 
propounded plans which, it was alleged, could not be car- 
ried out. To prove that they could be carried out, and 
that his evidence was correct, he undertook the new 
works, and executed them with complete success; be- 
sides demonstrating in a spirited publication, elicited by 
the controversy, the insulficiency and incongruity of the 
plans wliich had been submitted by the rival engineer. 

For sonic time prior to his death, Bramah had been 
emjdoyed in tlie erection of several large machines in his 
works at Pinilico for sawing stones and timber, to wliich 
he applied his hydraulic power with great success. New 
methods of building bridges and canal-locks, Avith a variety 
of otlier matters, were m an embryo state in liis mind, 
but he did not live to complete them. He was occupied 
in sni)eriiitending the action of his hj'drostatic-press at 
Holt Forest, in Hants, — where upwards of three hundred 
trees of the largest dimensions were in a verj' short time 
torn up by the roots, — when he caught a severe cold, which 
settled upon his lungs, and his life was S'lddenly brought 
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to a close on the 9tli of December, 1814, in his 66th 
jrear. 

His friend, Dr. Cullcn Brown,* has said of him, that 
Bramah was a man of excellent moral character, temperate 
in his habits, of a pious turn of mind,t and so cheerful in 

* Dr. Brown published a brief memoir of his friend in the New 
Jianihly Alagadne for April, 1815, which has been the foundation of 
all the notices of Bramah^s life that have heretofore appeared. 

t Notwithstandmg his well-known religions character, Bramah 
•6ein9 to have fallen under the grievous dis^pleasure of William 
Huntington, S. S. (Sinner Saved), described by jSlacaulay in his 
youth as ** a worthless, ugly lad of the name of Hunter," and in his 
manhood as** that remarkable impostor.*' {E»says, 1 vol. ed. 629.) It 
•eems that Huntington sought the professional services of Bramah 
when re-edifying his chnpel in 1793: and at the conclusion of the 
work, the engineer generously sent the preacher a check for 8/1 to- 
wards defiraying the necessary expenses. Whether the sum was less 
than Hontington expected, or from whatever cause, the S. S. con- 
temptuously flung back the gift, as proceeding from an Arian whose 
religion was ** unsavoury," at the same time hurling at the giver a 
mimber of texts conveying epithets of an offensive chnnicter. Bramah 
replied to the farrago of nonsense, which he characterized as ** unman- 
nerly, absurd, and illiterate," — that it must have been composed when 
the writer was ** intoxicated, mad, or under the influence of Lucifer," 
and he threatened that unless Huntington opologized for his gratuitous 
Insults, he (Bramah) would assuredly expose him. The mechanician 
nevertheless proceeded gravely to explain and defend his " profession 
of faith," which was altogether unnecessary. On this Huntington 
returned to the charge, and directed against the mechanic a fresh 
▼olley of Scripture texts and phraseology, not without humor, if pro- 
fknity be allowable in controversy, as where he says: ** Poor man! he 
makes a good patent-lock, but cuts a sad figure with the keys of the 
Kingdom of Heaven! " ♦' What Air. Bramah is," says S. S., " in re- 
spect to his character or conduct in life, as a man, a tradesman, a 
neighbor, a gentleman, a husband, friend, master, or subject, I know 
not. In all these characters he may shine as a comet for aught I 
know; but he appears to nie to be as far from any resemblance to a 
poor penitent or broken-hearted sinner as Jannes, Jambros, or Alexan* 
dar the coppersmith ! " Bramah rejoined by threatening to publish 
Ids assailant's letters, bat Huntington anticijteted him in A F^ekl§ 
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temperament, that he was the life of ererj companj into 
which he entered. To much facility of expression he 
added the most perfect independence of opinion ; he was 
a benevolent and affectionate man ; neat and methodical 
in his habits, and knew well how to temper liberality with 
economy. Greatly to his honor, he often kept his work- 
men employed, solely for their sake, when stagnation of 
trade prevented him disposing of the products of their 
labor. As a manufacturer, he was distinguished for his 
promptitude and probity, and he was celebrated for the 
exquisite finish wliich he gave to all his productions. la 
this excellence of workmanship, which he was the first to 
introduce, he continued, while he lived, to be unrivalled. 

Bramah was deser\'edly honored and admired as the 
Rrst mechanical genius of his time, and as the founder of 
the art of tool-making in its highest branches. From his 
shops at Pimlico came Henry Maudslay, Joseph Clement, 
and many more fii'st-class mechanics, who carried the 
mechanical arts to still higher perfection, and gave aa 
im[>ulse to mechanical engineering, the efiects of which 
are still felt in every bi*anch of industry. 

The parish to which Bramah belonged was natorallj 
proud of the distinction he had achieved in the world, and. 
commemorated his life and career by a marble tablet 
erected by subscription to his memory, in the parish 
churcli of Silkstone. In the churchyard are found the 
tombstones of Joseph's father, brother, and other members 
of the family ; and we are informed that their descendants 
still occupy the farm at Staiuborough on which the great 
mechanician was born. 

JDiapute with a Wise and Learned Man^ 8vo, London, 1798, !n which, 
whether justly or not, Huntington makes Bramah appear to murdflT 
tb« kiug^B English in the most barbarous mamicr. 










HkhrtMautislat was born atTVoolwich towards the 

l«id or lost century, in a liouae Btnnding in tlie court at 

e back of the Saltitotion Inn, the entrance to wLich is 

t nearly opposite the Arsenal gates. His fiither was a 

e or Lancasliire, descended fi-om an old family of the 

lae name, Ilie head of which resideil at Blawdaley Hall, 

T Ormskirk, at the beginning of the Beventeenth cen- 

The family were iifienvarda scattered, and aeveral 

I members became workmen. William Slaudslay, 

' tbe &lher of Henry, belonged to the ncigliborhood of 

t 'Bolton, where he was brought np to the trade of a joiner. 

B principal emplojment, while wortting at his trade in 

IfUncashirc, consisted in making the wood framing of eot- 

n machinery, in the construction of which cast-iron bad 

It yet been introduced. Having got into some trouble 

A tieigM>orho(>d, through some alleged Ir'aison, Wil- 

I eali'sted in the Royal Artillery, and Ihe corjis to 

h he belonged was eliortly after sent out to the West 

». lie was seTerul times engaged in batlle, and in 

is lost Hi-Hem be w«s hit by a miiskel-bullet in Ilie throat. 
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The soldier's stock which he wore had a piece cut out 
of it by the ball, the direction of which was diverted, 
and though severely wounded, his life was saved. He 
brought home tlie stock and preserved it as a relic, after- 
wards Uviving it to his son. Long after, the son would 
point to the stock, hung up against liis wall, and say, " But 
for tliat bit of leather there would have been no Henry 
j\Iaudslay." The wounded artilleryman was invalided 
and sent home to Woolwich, the head-quarters of his 
corps, where he was shortly after discharged. Being a 
handy workman, he souglit and obtained employment at 
the Arsenal. He was afterwards appointed a storekeeper 
in the dockyard. It was during the former stage of 
William Maudslay's employment at Woolwich that the 
subject of this memoir was born in the house in the court 
above mentioned, on the 22d of August, 1771. 

The boy was early set to work. When twelve years 
old he was employed as a ** powder-monkey,** in making 
and filling cartridges. After two years, he was passed 
on to the carpenter's shop, where his father worked, and 
tliere he became acquainted with tools and the art of 
w^orking in wood and iron. From the first, the latter 
seems to have had by far the greatest charms for him. 
The blacksmiths* sliop was close to the carpenters', and 
Harry seized every opportunity t)iat offered of plying the 
hammer, the file, and the chisel, in preference to the saw 
and the plane. Many a cuff did the foreman of carpdn- 
ters give him for absenting himself from his proper sh4)p 
and stealing off to the smithy. His propensity was i^ 
deed so strong that, at the end of a year, it was thougl 
better, as he was a handy, clever boy, to yield to hi 
earnest desire to be placed in the smithy, and he wi 
removed thither, accordingly, in his fifteenth year. 





.SnV .MAUrSLAV, 

^ Hia liearl being now in his woik, he inadu n^iid pro-^ 
£s, and Goun became an expert ainjtli and metnl woi 
3 displayed liis skill csgieciidl}' in forging light i 
ork ; and a favorite Joli cf liis v/as the mtikiiig 
P.Triscts " out of the solid, which only the " dab liiiiid^ " 
f tile shop could do, but wliiuh he tlii'ew off witli gieat 
rajudity in first-rate style. These " Ti'ivels " ivei-e n 
out of Spanish hxin holla, — rare Stuff, which, though 
^eseeedingly lough, forged like wax under the Imrnniyr 
ivea at the cIohc of Lis life, when he had ac<[uircd eini- 
lent distinction as nn inventor, and waa a large emjiloyei 
r skilled labor, he looked hock with pride to tlie forging 
E Ilia early dajs in Woolwich Arsenal. He used to d& 
much gusto, how the old, experienced handsi,. 
jrith whom he was a p'eat favorite, would crowd about 
Q when forging Lis " Trivets," eome of which may to 
■& day be in use among TVoolwicli housewives for su 
Wrtlng the loast-plate before the bright fire against t 

This was, however, entirely contraband work, done 

Ejon tlie sly," and strictly prohibited by the superintend- 

I officer, who used kindly to signal his approach hy 

lowing his nose in a pecuhnr manner, so that all Ibrbid- 

n jobs miglit be put out of the way by the time he 

jntereil the shop. 

J Wu have referred to Mnudalay'a early dexterity in 

pvet-niaking — a circumstance triding enough in itself — 

IT the pur|)03c of illustrating the progress which he had 

a branch of hia art of the gi-eatest importance in 

il and machine making. Kotliing pleased him n 

m utlur life tlian to bo set to work upon an unuaual piece 

[ forging, and to overcome, as none could do so cleverly 

I Lo, llio (lilRcultiea which it presented. The pride of 

B strong in liim as it must have been i: 
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nicdin'vul Hinltli8, who tunicd ont those beaalriiil 
of workiiianship, Htill n>gnn1cd ns the piide of oar cathe- 
drals and old inansionH. In Maudslay*s case, fais dez- 
Irrity as a Hinith wius eventually directed to madiineiyy 
rathf r than ornanuMital work ; though, had the latter 
lirrn his lino of lahor, we do not doubt that he woald 
havo ifarhi'd the hi<;]iest distinction. 

The manual skill whi(>h our young blacksmith had 
artiiiin'd was such as to give him considerable reputation 
ill his crafl, and hv was spoken of even in the London 
hho|M as ono of the most dexterous hands in the trade. 
It was this circumstance that shortly after led to his 
removal from tlie smithy in ^Voolwich Arsenal to a 
sphere more suilahle for the development of his me- 
chanical ahilily. AVe have alix»ady staled, in the preced- 
ing memoir, that «h)seph Hnimali took out the first patent 
lor his loik in 1781, and a second for its improvement 
several years later ; hut notwithstanding the acknowl- 
edged superiority of the new lock over all others, Btu- 
mah experienced the giratost difficulty in getting it 
manufactuivd with sntVicient precision, and at such a 
price as to render it an article of extensive cotnmerce. 
'i'his arost» fi-om \\\v generally inferior character of thfe 
workmanship of tiiat day, as well as the clumsiness and 
uncertainty of the tools then in use. Bramah found that 
t^ven tla^ best manual dexteiity was not to be trusted, and 
yet it seemed to be his only ivsourco ^ for machine-tools 
t»f a superior kind had not yet been invented. In this 
dilenuna he determined to consult ati ingenious old Ger- 
man artisan, tlien working with AVilliam Moodie, a general 
bhickamith in Whitechapel. This German was reckoned 
one of the most ingenious workmen in London at the 
time. Brjunah had several long interviews with him, 



h flre object of endeavoring to solve llip rlHRcnlt \\rdb* I 

n of "dew to secure precipe ivot-kinansliip in lock-ninlsing. f 

bill they COuW not aoU-e it ; they saw tlmt n-illiniil betliT-B 

sola liie difficulty waa hisupemble ; and tlien IVranmll 4 

fear (liat his lock would remnin a mere raerfian' § 
I curiosity, and be prevtTiteJ from coming ir 

tBl use. 

( He was Indi»eil sordy pnzrled what nest to (to, \i'h«t I 

Mie of the hammemien in Moodie'a shop vcntiil^.^'! to snjf. | 

gest that there was n yoimg man ia the Woolwich Arsi 

na.1 smithy, named Maudslay, who was so inguniouB i 

Bueh mutlerH that " nothing Iwt liim," Hnil lie recomiti ended J 

liiiit Mr. Bramah should have a talk with him iipmi the I 

Bubject of his diflicnlty. Handsby was at once sent fbr \ 

to Bramah's workshop, and appeared before the lock- , 

maker, a tall, strong, comely young fellow, then only I 

eighteen j^are old. Bramah was almost ashamtd to lay j 

_lna case before such a meru j-outli ; but necessity e 

rained him to fry all methods of aecomplishing his ob« I 

, and Maiidsiay's suggeslions in reply to lii'^ stilo- I 

■nt of the case were so modoat, so sen«iWe, and as tlio i 

esull proved, so practical, liiat the master was ooriBlnuiieil J 

} admit that the lad before him h.td an old Itead ihoagh 

t on young shouldere. Bramah decided to adojil the i 

tuggestions, made Iiim a present on the s])ot, and -I 

Ifcred to pve him a job if he was willin"; to come niid I 

1 a, town shop. Maudslay gladly accepted the t 
"ftffer, and in due time appeared before Bramah to enter \ 

upon bis duties. 

As Haudslsy had served no regular apprenticeship, and I 
was of a very youihl^l appcanmce, the foreman of the | 
shop had considerable doubts as to Ills ability t 
rank alongside bia experienced hamla. But Mautlsh 
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soon set his master's and the foreman's mind at rest. 
Pointing to a worn-out vice-bench, he said to Branmh, 
" Perlmps if I can made that as good as new bj six 
o'clock to-niglit, it will satisfy your foreman that I am 
entitled to rank as a tradesman and take mj place among 
your men, even though I have not served a seven years' 
apprenticeship." Tiiere was so much self-reliant ability 
in the ])ropo8al, which was moreover so reasonable, that it 
W2LS at once acceded to. Off went Maudslay's coat, up 
went his shirt-sleeves, and to work he set with a will up- 
on the old b(?nch. The vice-jaws were re-steeled '^in no 
time," filed up, re-cut, all the parts cleaned and made trim, 
and set into form a;:^ain. By six o'clock, the old vice was 
H(T(;wed up to its place, its jaws were hardened and ^ let 
down " to proper temper, and the old bench was made to 
look HO HMuirt and neat that it threw all the neighboring 
benche.s into the shade I Bramah and his foreman came 
round to see it, while the men of the shop looked admir- 
ingly on. It was examined and pronounced " a first-rate 
job." This di[)loma-piece of work secured Maudslay's 
footing, and next Monday morning he came on as one of 
the regular hands. 

lie soon took rank in the shop as a first-dass work- 
man. Loving his art, he aimed at excellence in it, and 
succeeded. For it must be understood, that the handi- 
crafltsman whose heart is in his calling, feels as much 
honest pride in turning out a piece of thoroughly good 
workmanship, as the sculptor or the painter does in exe- 
cuting a stjitue or a picture. In course of time, the most 
ditrii^ult and delicate jobs came to be intrusted to Maud- 
slay ; and nothing gave him greater pleasure than to be 
set to work upon an entirely new piece of machinery. 
And thus he rose, naturally and steadily, from hand to 



I^cad work For his mitnual dexterity was the least 
lis gills. lie patsesscd an intuitive power of incchani 
ItnaJysis atil syntheBls. lie hurl a quick eye to percci' 
lOie Birangempnta requLiite to effbct given purposes; 
^liencver n dJilicuhy arose, Lis inTenlive mind sel 
rork to overcome it 

His fellow-workmen were not slow to recognize 
Inony admirable qualities of hand, mind, and heart; 
he became not only the favorite, Imt the hero of the shop. 
Perhaps he owed soraetliing to his fine personal appear- 
ance. Hence on gala-<Iay8, when the men turned out in 
procession, " Harry " waa usually selected to march at 
their-head and carry tlie flag. Hia conduct as a aoa,,| 
also, was as ndmirnble as his qualities as a workman.! 
. HIa father dJ^llg shortly afler Maudslay entered Bra- 
I'a concern, he waa accustomed to walk down to Wool- 
'1 every Saturday night, and hand over to hia mother, 
r whom he had the tenderest regard, a considerahle 
■bare of his week's wages, and this he continued to 
t long OS she lived. 
Not with standing his youth, he waa raised from one 
Mt to another, until he was appointed, by unanimous 
t, the head ibreman of tlie works ; and was recog- 
led by all who had occasion to do huaincss there ns 
1 right-hand man." He not only won the 
t of his master, but — what proved of far greater 
mportance to him — he also won the lieart of his mas- 
B prelly housemaid, Sarah Tindel by name, whom he 
married, and she went liund-in-hnod with him tlirough 
JBfis, an admirahlu "help meet," in every way worthy of 
e noble L-liarac(iir of the great mechanic. 

.uilsloy waa found especially useful by his master 
(viaiog llie tools for making his patent-locks ; and 
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were the beautiful contrivances which he invented for tbd 
purpose of insuring their more accurate and speedy man- 
ufiu'ture, with a minimum degree of labor, and without 
the need of any large amount of manual dexterity oh the 
pnrt of the workman. The lock was so delicate a miir 
chine, that the identity of the several parts of wliich ft 
wi\s comj)osed was found to be an absolute necessity. 
Mere handiorafl, however skilled, could not secare the 
requisite precision of workmanship ; Hor coidd the jrartB 
be turned out in sufficient quantity to meet any large de- 
mand. It was therefore requisite to devise madiine-tools 
which should not blunder, nor turn Out imperfect wdrk ; 
— machines, in short, which sliotild be in a gPCfit measure 
independent of the want of dexterity of individual worit- 
men, but which should uneri-ingly Ifibor in their prescribed 
tnick, and do the work set them, even in the minutest de- 
tails, after the methods designed by their invento-r. In 
this department Maudslay was eminently sticcessfAl, and 
to his Liborious ingenuity, as first displayed in Bn imah's 
workshops, and afterwards in his own establishme^nt, we 
unquestionably owe much of the power and accur acy of 
our present self-acting machines. 

Bramali himself was not backward in admittinfe'^'fliat to 

vOt. 

Henry Maudslay 's practical skill in contriving 1; he ma- 
chines for manufacturing his locks on a large sr "ale, the 
success of his invention was in a great degree a ?itribnt»- 
ble. In further proof of his manual dexterity, it inay be 
mentioned that he constructed with his Own 1' nnls the 
identical padlock which so severely tested the ' r*#pOwert of 
Mr. Holbs in 1851. And when it is considerr" «^ftatth^ 
lock had been made for more than half a ce. ^jutaryi nn^ 
did not embody any of the modem improvemc ^ it wiB 
perhaps be regarded not only as creditable tc iiaHJfBlA 
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* on wliich it was oimstructed, bnt to the wbAtnatiBhip 

its maker, that it ahoiiM so iotrg have withstood thb 
irions meehnnical itexterity to which it was exposed. 

QeeklcB the invention of impravcd machinc-toals fm- tlia 
muracturo of loi:ks, Hamlalny was of further sen* im to 
'amah in applying the expedient to his famous hydrau- 
witlioDt whith it would probably have rcitiaincd 

impracticable though a highly ingenious macliine. AS 
olherinStanpes of great inventions, ihe practifiU success 

tto whole is often found to depend upon tlie aetion of 
hie apparently trifling detail. This was esperfalty the 
M with the hydraulic-press ; to which Slaudslny added 
B easential feature of the wdf-tightening collar, ahove 
in the memoir rf Braniah. Sir. Jaraea Nasmylli 
«ar withoiily for ascribing this invention to Haudslay, 
10 was certainly quite competent to have made it; and 
is a matter of fact that Brainah's specification of the 
ess says nothing of the hollow collar,* on which its 
|hB«nt aclion mainly depends. Mr, Nasmj'fli says J 
Uaudslay liimsi-If told me, or led me to believe, that it 
IS lie wlio invented the self-tightening collar for the 
rdraolic-press, without which it would never have been 
'serviceable niai:hine. As the self-tightening collar is 

the hj'draulicrprcas, so Is the Bleam-blast to the loco- 
It ia the one thing needful tliat has made it 

jctive in practice. If Blaudslay was the invenlor of 

1 collar, that one contrivance ought to iinmortnliife him. 

I used lo tell mc of it with great gusto, and 1 have no 
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ison to doabt the oorrectneas of hU statement." Wlu^ 
ecer rca]!/ struck out the idea of ibe collar displayed 
iiiGtinct of the true inreator, who invariably Eeeka 
accompILsh liia object by tbe adoption of Uie Amplest 

During llie time tliat Blaadslaj held the important 
otRee of manager of Bramah's works his highest wages 
were not more than thirty shilling a week. He himseir 
thought thut he was worth more to bb coaater, — as in- 
deed he nas, — and he felt somewhat monified that he 
ehouM have to make an application for on adviince ; but 
the increasing expenses of Itis fmnily compelled him in a 
measure to do so. liii application was refused in sueli a 
manner as greatly to hurt his seosiiive feelings ; and the 
result was that he threw up liis situatioo, and delcrmiiied 
(o begin working on his otrn account. 

His first Start in business was in the year 179" 
small workshop and smitliy situated in Wells Street, 
ford Street It was in an anful state of dirt and dilapi- 
dation when he became its tenant !Ie entered tiic place 
on a Friday, but by tlie Saturday evening, with tlie help 
of his excellent wife, he had the shop thoroughly cleaned, 
whitewashed, and put in readiness for beginning work on 
the next Slonday morning. He had then t!ie |dea3ur« of 
hearing the roar of bis own forge-fire, and the cheering 
ring of the hammer on his own anvil ; and great was the 
pride be felt in standing for the first time within his own 
emithy and executing orders for customers on liis own 
account. His first customer was an nrlist, wlio giive him 
an order to execute the iron-work of a large easel, 
embodying some new aiTangomenIs ; and the work was 
punctually done to his employer's satisfaction. Other or- 
dera followed, and be soon became fully employed. HiB 
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liuDe as a firgt-rato ivorkman was almost as great 
«r tkia former maaKr ; ami many vrlio hnd been accu 

bucineas with liirn at PimliiMj lullowL'd liitn lo Wells 
Long years after, tlic tliouglil of tliese eaily day. 
solT-dependeuce and lutrd work used to 

and he would dikte to Lis laiimate fiienda npoii 
his early struggles and his first successes, which nei 
mu'ii more highly prized by him than those of liia ma«' 

With a true love of his craft, Maudalay continued 
to apply himself, as he hod duae whilst working aa 
Bramali's foreman, ta the best methods of insuring accu- 
ral^' and finish of work, so as iu a measure 
pendent of the carelessness or want of dext 
'kman. With tins object he aimed at the 
j«r improved machine-tools, which should be a: 
'aeliDg a'ld Bclf-regnlaiing as possible ; and i' 
pursuing this study that be wrought out the important 
mechanical invention with which his name is usually 
identified, — that of the Slide-ltest. It continued to be 
bis special delight, when engaged in the execution of any 
piece of work in which he took a personal interest, to in- 
troduce a system of identity of parts, and to adapt for the 
purpose some one or other of tlie mechanical contrivances 
with which his fertile brain was always teeming. Thus 
it was from bis desire to leave nothing to the chance of 
mere individual dexterity of hand, that he introduced tho 
slide-rest in the lathe, and rendei'ed it one of the most 
important of machine-tools. The first device of this kl 
was contrived by him fur Bramnii, in whose shops it 
linued ill practieid use long afler he had begun business! 
for hiinseir. " I have seen tlie slide-rest," says Mr, Jam( 
Nosmyth, " the first that Henry Muudslay made, 
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at lleBsni. Eramali's workshops, and ii 
arrangements which arc to he fonnd in the most n 
slide-rest of our own day,* all of which are the legjiimata 
offspring of Maiidsbiy's original rest. If tiiis lool he jel 
extant, it ougJit to be preserved with the greatest care, fitt 
it was the beginning of those mechaninil triumphs 
give to ihe days In which we lire so much of their i 
gubhing character." 

A very few words of ejtplanalion will serro to i 
Irate the importance of Maudslay's invention. Every 
person is fiimiliar with the uses of the common turning- 
lathe. It is a favorite machine with amateur mecJianira, 
and its employment is indispenaahle for Ihe execution of 
all kinds of rounded work la wood and inclnl. Perhaps 
there is no contrivance by whici) the skill of tlie handi- 
craftsman haa been more effectually aided than by tliis 
niftchine. Its origin is lost in the shades of antiquity. 
Its most ancient form was probably the potter's wheel, 
from which it advanced, by successive improvements, te 
its present highly improved fbmi. It was found thiit, by 
whatever means a substance capable of being cut couM 
be made to revolve with a crrcnlar motion round a fixed 
right line as a centre, a cutting tool applied to ite smfee 
TvouM remove the inequalities so lliat any part of such 
Buriace sliould be equidistant from that centre. Such iS 
the fundamental idea of the oniinary tuming-latlie. The 
ingenuity and experience of mechamca working such ■aa 
instrument enabled them to add many inprovomente tA 
it i until the skilful artisan at length produced not toerrfy 

• In this iHtlie the nlide-resb and frame irtTe moval.Ie Hl<>]ig tha 
tmventng-bnr, According to the leTigtti of tho work^ and cnuhl ba 
pUcod in anypoBltion, Bnd necured bvs linndle mid sorew nndemoMh. 
TIb ileit, howevec, nllBrmrdt muIerweDt man]' tmponunt DuMtila^ 
thXH; bat Ib« principle of tlio wbole maohltia vru there. 



en 
till 



cdrcnlftr-tnming of the moat bemitirul and nccurate"' 
<ieacription, but exquisiti; figure-ivoik, niid ''im|ilicatefl ' 
Mmetrical designs, depending upon llie eyrioidal and' 
bceniric movcmunta wliith were fi-om time to time added 
I tlie machine. 

' Tlie artisans of the Middle -Sges were very sltilfjl in 

■*lie use of the lathe, and turned out much lieautiful screen 

^md stall work, atiU to be seen in our cathedrala, as well 

«i3 tttbted and awash-work for the baloatera of slaii'cnacs 

aind other ornamental purpoaes, English mechflniL-s sccin' 

*arlj- to have distinguished themselves as imiirovers of 

^^^le lathe ; and in Moxon's " Treatise on Turning," pub- 

^^^edin U60, we find BIr. Thomas Oldlleld, at the sign 

^^K ttio Flower-dc-LnM, near the Savoy in the Strand, 

^^Kuned aa an excellent maker of ovnl-tngincs and stmsh- 

' «nginC8, showing that aach maciiines were tlien in some 

The French writer Plumier" also mentions an 

IB morlificalion of the lathe, by means of ivhiph any 

d of reticulated fonn could be given lo Uie work; and, 

bm its being employed lo ornament the handle* of 

piives, it was called hy him the " Iilacliine h manche de 

Hiteau d'Anglclcrrc." But the Fi-eni'h artisana were 

U that time much better skilled than the English in tlta 

USB of tools, and it is moat probable tliat wo owe to th« 

Flemish and French Protestant workmen, who flofked 

into England in such large numbers during tlie religious 

persecutions of iho sixteenth and seventt'onth centuiic*. 

Die improvemonl. if not the introduction, of llie art of 

turning, as well na many other arts lierealVt^ir to be refcr» 

rod to. It is ceitain that at the period to which we refer 

nomerous trentiaes wei'e puhliahed in France on the art 

Dflif .blRiiilgieome of ibem of a moat elaborate cbaroctci 

• PujHirii, VArt 3e Tounur, Parif , ITM, p. 165. 
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Such were the works of De la Hire,* who described hxm 
all sorts of polygons might be made by the lathe ; Do 
la Gondaminc,t who showed how a lathe could torn all 
sorts of irregular figures by means of tracers ; and of 
Grand Jean,| Morin;§ Plumier, Bergeron, and many 
other writers. 

The work of Plumicr is especially elaborate, entering 
into tlie construction of the lathe in its various parts, the 
making of the tools and cutters, and the different motions 
to be given to the machine by means of wheels, eccentrics, 
and other expedients, amongst which may be mentioned 
one very muc'h resembling the slide-rest and planing- 
machine combined. || From this work it appears that 
turning had long been a favorite pursuit in France with 
amateurs of all ranks, who spared no expense in the con- 
trivance and perfection of elaborate machinery for the 
production of complex figures.^ There was at that time 

• Machines npprouvees par tAcademie^ 1710. 

t Aftirfdnts ajtprouvees par VAcademie^ 1788. 

X lUfL 

§ VArtde Toumer en perfection^ 1749. 

II It consisted of two parnllel bars of wood or iron, connected together 
at both extremities by bolt«» or keys, of suflicient width to admit of the 
article required to be pinned. A niovnble frame was phiced between 
the two bars, motion being given to it by a long cylindrical thread 
acting on any tool put into the sliding- frame, and, consequently, caas- 
ing the screw, by means of a handle at each end of it, to push or draw 
the point or cutting-odge of the tool either way. — Mr. Gkorob Rew- 
xiE*8 Preface to Buchanan's Practical Ewiys on Mill Wark^ 8d ed., 
XLI. 

^ Tumi!]g was a favorite amusement amongst the French nobles 
of last century, many of whom acquired great dexterity in the art, 
which they turned to account when compelled to emigrate at the 
Revolution. Louis XVI. himself was a very good locksmith, and 
could have earned a fair living at the trade. Our own George UL 
was a good turner, and was learned in wheels and treadles, chucks 
and chisels. Henry Mayhew says, on the authority of an okl woiklo|C 
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great passion for automata in France, wliich gare r 
mony bigbly ingenious devices, fudi as Camus'e 

carriage (made for Louis XIV. when a child), 

nes's meclianical peacock, Vaucanaon'a duck, and 

conjurer. It had the effcit of introduc' 

ing the higher order of artists liahiis of nice and 

;jrate workmanship in executing dehcate pieces of 

ichinery ; and the same combination of mcclianicjil 

'^wcrs which made the Btcel-apider crawl, the duck 

quack, or waved the tiny rod of the magician, contributed 

fjture years to purposes of higlier impoil, — t!ie wheela 

and pinions, which in these automata almost eluded the 

by their minutencsa, reappearing in modem 

Etopendoua mechanism of our seF-actmg 

ithea, Bpinning-mules, and b team-engines. 

" In our own coiintj'y," says Professor 'Willis, " the 

literature of this subject is bo defective that it is very 

difficult to discover what progress we were making during 

the seventeenth and eighteenth ccntunes,"" We believe 

the fact to be, that the progress made in England down 

U) the end of last century had been very small indeed, 

id that the lathe had ex])crienccd little or no improve- 

it until Maudslay took it in hand. Nothing seems to 

iTB been known of the slide-rest until lie reinvented it, 

I srorBgD indu»(rr, the king mleht fanv m d (torn 

4O1. 10 iO: K weak is > biinl wood and ivory turner. Lo h Un 

UitiiigD one-nmiBd, viae ui adrpt nt the liilter, and Iji Gra wnt 

' umer. iDileeil, tlie Inte Mr. HolnspO'el rn y 



mking tntclmnlvs. Araonf; Di)ier noble hnniJicmnsm 

n the l&te Loid Duugliu, who eiiliivnieil bookb 

Bia^uair'* fnncy wm cutlery, and oiie could nob come 

■B irtteome fiuhion Ihan with ■ pair of old miori to « 

r* frotevKit Willis, Lictuni an Ikt RaidU uf tht Ci-<i 

y 1851, III wrlei, p. SgO. 
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and applied it to the production of machinerjr of a ftr 
more elaborate character than had ever before been ooo- 
templated as possible. Professor Willis says that firft> 
mail's — in other words, Maudslay's — slide-rest of 1794 ift 
so different from tliat described in the French ** Ency- 
clopedic" in 1772, that the two could not hsLVh had a 
common origin. We are, therefore, led to the conclusiion 
that Maudslay's invention was entirely independent of all 
that had gone before, and that he contrived it for the 
special purpose of overcoming the difficulties which he 
himself experienced in turning out duplicate parts in 
large numbers. At all events, he was so early and zeal- 
ous a promoter of its use, that we think he may, in the 
eyes of all practical mechanics, stand as the parent of its 
introduction to the workshops of England. 

It is unquestionable that at the time when Mandslay 
began the improvement of machine-tools, the methods of 
working in wood and metals were exceedingly imperfbct. 
Mr. William Fairbairn has stated that when he first be- 
came acquainted witli mechanical engineering, about sixty 
years ago, there were no self-acting tools ; everything was 
executed by hand. There were neither planing, slotting^ 
nor shaping machines ; and the whole stock of an eAgji- 
necring or machine establishment might be summed up 
in a few ill-constructed lathes, and a few drills and boring 
machines of rude construction.* Our mechanics vpere 
equally backward in contrivances for working in wood. 
Thus, when Sir Samuel Bentham made a tour throogh 
the manufacturing districts of England in 1791, ho was 
surprised to find how little had been done to Substitute 
the invariable accuracy of machinery for the uncertain 

* Addreos delivered before the British A8«nciation at Manchester ii 
1861 ; and Useful Infarmaiionfof Engineen, 1st Series, p. 22. 



^Bxtintj' at llie human hand. Steam-poncr was as jet 1 
^Kty employed ia ilrivisg Bpioning-niachincs, rolling met* I 
^■l, pumping water, and euch like jmrposos. Id the 
^Borldng of ivood no mnchlticry hiid been introduced be- 
^Bnd llie common tuming-Iatlie and some sitwa, and a 
^Bw bvring tools used iu making blocks for the nary. 
B^T«n lawa norked by inanimate force for slitting timber, 
I Jhuugh in estenslve use in foreign tountries, were no- 
vHrbere to bo found in Gi-cat Britain.* Aa everything 
ftdepeuded on the dexterity of hand and correctness of 
t.Sye rf llie workmen, the work turned out was of very i 

■ Bneqiial merit, besides being exceedingly costly. Even in 
wtbB CDUstruclion of comparatively eim|de modiines, the 

■ Expense was bo great as to present a formidable obetacle 
L lo their introduction and extensive use ; and but for the 
■^TenlioQ of maeliiue-makiiig tools, the use of the etearo- 
LtDgtne in the various forms in whidi it is now applied 
^UBm the production of power could never have become 
fcier«l. 

^K In turning a piece of work on the old-fashioned latfae, 
^be workman applied and guided his tool by means of 
^Buvcular strength. The work was made to revolve, and 
^be turner, holding the cutting tool firmly upon the long, 
^phwgltt, guiding edge of the rest, along which he carried 
^fe «nd pressing its jwint flrraly against the article 
tumed, was tlius enabled lo reduce its surface to the 
required sii:e and shape. Some dexterous turners v 
^ irilli prartice and carefulness, to execute very elt 
A of work by tins simple means. Hut when the nrti- 
be turned was of considerable size, and especially 
, it WRS of metal, the expenditure of mu 
igth was BO great that the workman soon became 

■ Hftnf^ Sonucl BcnlUm, S7, 98. 
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exhnu!«te(1. The slip^htcst variation in the pressare of tlia 
t(X)l UhI to an irn'[vti1arity of surface ; and with the nt- 
mast oai*t' oa the workman's part, be could not avoid 
o<Tasi(»imIl\' eiittin«: a little too deep, in consequence of 
whiol) lie must neiTssarily go over the surface again, to 
riHliuH) the whole to the level of that accidentallj cat 
t(H> deep ; and thus, pos^ihly, the job would be altogetlier 
»))i>ile(l by the diameter of the article under operation be- 
iu^ made tiK) small tor its intended purpose. 

The iutHKhu'tion of the slide-rest furnished a complete 
nMuetly for this souree of imperfection. The principle of 
the iuviMition iH)MsisU in constnicting and fitting the rest 
so that, iiisteail of being serewed down to one place, and 
the t(M)l in the hands of the workman travelling over it, 
the rest shall itself hold the cutting tool firmly fixed in it, 
and slide along the surface of the bench in a direction 
exactly parallel with the axis of the work. Before its 
invention various methods had been tried with the object 
of enabling the work to be turned true independent of the 
dexterity of the workman. Thus, a square, steel cotter 
used to bo firmly fixed in a bed, along which it was 
wedged from point to point of the work, and tolerable 
ai'euraey was in this way secured. But the slide-rest 
was mueh more easily managed, and the result was much 
more satisfactory. All that the workman had to do, after 
the tool was firmly fitted into the rest, was merely to turn 
a soivw-handle, and thus advance the cutter along the 
faee of the work as required, with an expenditure of 
strength so slight as scarcely to be appi^eciable. And 
even tliis labor has now been got rid of; for, by an ar- 
rangement of the gearing, the slide itself has been made 
self-at'ting, and advances with the revolution of the work 
in the lathe, wliich thus supplies the place of the work* 



sTb linnd. The nccuracy of tlic turning done by this ] 

iliAil yet simple arranfpmcnt is na mecl inn i rally per- | 

s work cnn bo. The pair of steel fingera wliit-li hold 

i cutting lool firmly in their grasp never lire, qwI it 

» alon;i the metal to bo cut with an a:;ciirat'y and 

which the human hand, however skilled, could 

iver Bqnul. 

pTTie effects of the introduction of tbe slide-rest wore very 

Illy fi-It in all departments of mechanism. Though it 

i to encounter some of the ridicule with which new 

vorking are usually received, and for a time 

i epoken of in derision as ■' Miiudslay's Go-cart," its 

Mai advantages were bo decided that it grailually 

s way, and became au cstabliahcd tool in all tho 

t mechanical workshops. It was found nlike cnpa- 

ble of executing the most delicate and the most ponder* 

OUs plecea of niachinery; and as slide-Inthes could ba 

uanufuctured to any extent, machinery, steam-enginea, 

Old nit kinds of melut work could now bo turned out in a 

Uitity and at a price that, but for its use, could never 

JRve been practicable. In course of time various modifi- 

1 of the machine were introduced, — such a£ 

tning-machine, the wheel-cutting machine, and other 

mitiful tools on tiie slide-rest principle, — the result of 

i has been that extr^aordinary de^'clopment of me- 

rical prodoetion and power which is Bo choructeriatio 

(f«atqre of tlie nge we live in. 

"It is not, indeed, saying at all too much to state," says 
Kr- Nasmyth," a most competent judge in sui-h a matter, j 
Mt its iuflaence in improving and extending the U! 

■ Remiirks on lite lutroductlon of the Slide Trluciple in Toola tai 
W employed in Ihe PrmluctloD or MacliirieiTr, in Bucbaium'i 
iMt ^uu)* «• urn Wvrk and othtr MaMimTi. Zi »d., p. WT. 
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ma<:liiij<;ry lia« l>een as great at that pradnoed Iff 
j;rov<;ifi<;rit of tlifi eteam-engiiie id reflpeet to 
luatiufafriunrM and extending conuneree, inniiTHi 
out ilif; ttid f^r tiMs viiftt Hooesfuon to our poirer of 
<Jij<'iti;/^ \ii'riii('X tniifUtutiBin which it at onoe aopplied, 
f'ouM ii(:\<;r imv<; worked out into practical and pnfitafale 
ioniiA iUo, v<un'.i:\iiU}UH of those master minds vho^ dorii^ 
11h^ liiMt lmli'-<r(Mitury, Imve to successiullj paooeerad the 
May lor rii:iiikiM<l. TIh! fftcam-engine itself^ vhidi sup- 
\*\\i'A ijM witlt mcU unlK>unded power, owes itj present 
I M't'lort ion to lliii m^iHt admirable means of givii^ to 
iii<*litlli<'. ohjcctH tlui moHt preclee and perfect geometrical 
foi'iiiH. How coiiM we, for instance, have good steam- 
liti'/uwH if wc liiul not tlie means of boring out a tme 
(•yliiiiK^r, or tiirnin;^ u true piston-rod, or planing a valve 
l'vn'i\'f It Ih iIiIh lilonc which has furnished ns with the 
ini'iiiiH of ('mryiii;^ into practice the accumulated results 
of Hciimtiiiit lnv(!Hti;riiti(m on mechanical subjects. It 
would ho hliiiiiHhio iuduc(|/' continues Mr. Nasmyth, 
*' iiCtiT liiivhi^ I'ndcavoritd to set forth the vast advan- 
ta*;iirt wiiit'h hiivo hi'cn conferred on the mechanical 
WDild, and thcrt^i'niH^ on niankiiui generally, bj the in- 
viMilion luid introthiction of the slide-rest, were I to snp- 
prcHH th<^ nani(* of that admirable individual to whom 
wo ar(^ ind(th((>d for thin iM)werrul agent towards the at> 
lainniont of niocliiiuical pcHbction. I allude to Henrj 
Mandshiy, whose nscful lii'u was enthusiastically devoted 
t(» iho frrnnil object of improving; our means of producing 
perfiu't W(»rknnniship and machinery : to him we are cer- 
tainly indebted for the slide-rest, and, consequently, to 
sav tln^ least, we iiw indire.tlv so for the vast benefits 
whieli have resulted from the introduction of so powerful 
an agent in perfecting our machinery and mechanism 
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{uaenill;- The indefatigable care which he took i 
culcalitig and dilTusiiig anjong his workmeii, and mechanii- 
cat Dien generallj, sound idtas of practical knowledge and 
refUiBd views of construction, have rendered, and ever will 
continue to render, his name identified with all that is no- 
ble in the ftmhitioii of a lover of mechanipal perfection." 
One of the first uses to which Mr. Itluudiilaj' applied 
tbe improved slide-rest, which he perfected shortly after 
beginning business in Margaret Street, Cavendish Square, 
was in executing tlie requisite tools and machinery re* 
qitired by Mr. (aflerwurda Sir Marc Isanibard) Brunei 
fur manufacluring ships' bioeks. The career of Brunei 
was of a more romantic character than falb to the ordi- 
nary lot of mcchiinlcal engineers. His father waa a small 
farmer and postmaster, at the village of Ilacqueville, in 
Hwmandy. where Marc Isanibiird waa bom in 17C9. He 
a early Intended for a priest, and educated accordingly. 
^t be was much fonder of the carpenter's shop than of 
■ school ; and coaxing, entrenly, and punbhment alike 
le4 in making a hopeful scholar of him. lie drew 
B and plans until his father was almost in despair. 
it to school at Rouen, bis chitf pleasure was in watcb- 
I Ihe ships along llio quays ; and one day his curiosity 
B excited by the sight of some large iron-castings just 
WliHt were they ? How had they been made ? 
■Where did they come from ? Ills eager inquiries i 
flooji answered. They were parts of an engine intended 
for the great Paris water-works ; tlie engine was to pump 
r by the power of steam ; and the castings had been 
1 in EngLind, and bad just been landed from an 
ulish ship. "England I" exclaimed the boy, "ah I 
a I am a man I will go see the country where such 
J macbincs are made 1 " On one occasion, seeing n 
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new tool in a rntIor*s window, lie coveted it so nmch tliaia 
hv. |mwi)C(1 his hat to possess it. Tliis was not the rigfai 
road to thn ])riesthoo<1 ; and his father soon saw that 9i 
>vMs of no use iir;^innr liim further : but the boy's instinct 
proviMl truiT than tlie father's judgment. 

It was cv(>ntually determined that he shoold qnalifjr 
himself to cnttT the royal navy, and at seventeen he was 
iHmiinatcd to serve in a eorvette as ^volontaire dlion- 
nciir.*' His ship wiis paid off in 1792, and he was at 
Paris (hirin;>^ the trial of the King. With the incautions- 
iiess of youth he openly avowed his royalist opinions in 
1h<^ call' which lie frequented. On the very day that 
Louis was condemned to death, Brunei had an angry 
altercation with some ultra-republicans, after which he 
<Millcd to his dog, '* Viens, citoyen I " Scowling looks 
wvro. turn(*d upon him, and lie deemed it expedient to 
tak(» the fust opportunity of escaping from the house, 
which ho did by a back-door, and made the best of his 
way to lIai"(pio\ille. From thence he went to Rouen, 
mid succc(Ml('d in finding a passage on board an Amer- 
ican ship, ill which he sailed for New York, liaving first 
j)lcd;]:c(l his aflcM'tions to an English girl, Sophia King- 
dom, whom h(^ had accidentally met at the house of Mr. 
Caipcnticr, the American consul at Rouen. 

Arrived in America, he succeeded in finding employ- 
ment as assistant surveyor of a tract of land along the 
lUack Uiver, near Lake Ontario. In the intervals of his 
lahoi's he made occasional visits to New York, and it was 
there tluit the fii-st idea of his block -machinery occurred 
to him. lie carried his idea back with him into the 
woods, wlicre it often minded with his thoujrhts of 
Soi)hia Kingdom, by this time safe in England, after 
passing tlirough the horrors of a French prison. **AIy 



ll thought or the blwk-ini^Iiineiy ," he once said, " 

tinner-part J' at Slajor- General Hamilton's, in '. 

; my second under an American tree, when, one 

lat 1 was carving kllcrs on its bark, the turn of 

Hie of thfm reminded me of it. and I thought, * Ah 1 my 

:k 1 BO it must be ! ' And what do you think tvere 

I tetlera I vias cutting? Of course none other tlian 

. K." Brunei subsequently ohtnined some eraploy- 

enl ae an architect in New Yoik, and promulgated 

i plans for improving the navigation of the prin- 

iripal rivers. Among the rlesigna of hia which were 

It was that of the Park Theatre at New 

ork, and a cannon foundery. in wliich he introduced 

impraTements in casting and boring big guns. But 

I badly paid for his work, and a powerful attrac- 

drawing him constantly towards England, he dc- 

mined to take final leave of America, which lie did 

ind landed at Falmouth in the following March. 

There he again met Miss Kingdom, who had remained 

bithful to him during his six long years of exile, and the 

pair were shortly after united for life. 

Brunei was a prolific inventor. During his residence 
1 America he had pinnned many contrivances in bis 
I, which he now proceeded to work out. The first 
I^BB a duplicate writing and drawing machine, which be 
tented. The next was a machine for twisting cotton- 
lltreiul Mtd forming it into halls ; hut omitting to pivteet 
lit by a potent, lie derived no benefit from tlie inrention, 
sliorlly came into very general use. He then 
hiTCBted n machine for trimming ttnd bordera for mus- 
1, lawns, and cambrics, — of llie nature of a sewing- 
nacUine. His famous block-machinery formed the Bub- 
' jea of his next palcnL 
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It ma J be explained that tbe making of the Uoeb em* 
ployod in the rivrging of shipe for raisiiig and hnrering 
tlie snilH, iniuHtH, and yanb was then a highlj important 
hnuieh uf manufacture. Some idea may be formed of 
the nunilicT used in the Royal Navy alone, from the fact 
tliiit a Hcvunty-four-gun ship required to be provided nith 
no fewer than i'uurtecn hundred blocks of Taiioua aiaea. 
The iihi*aved hltK^ks used for the nuining rigging con- 
HJHteil of the hliell, tlie sheaves, which revolved within the 
(«hi'lJ, and tlie pins which fastened them together. The 
fuhrication of these articles, though apparently aimpley 
wiiA in ix'allty attended with much difficult* Cvery part 
had to U* faHhioned with great accuracy and precision to 
inHUit; the easy %vorking of the block when put U^ther, 
an any hitch in tlie raising or lowering of the sails mighty 
on certain enuT<<:encie8, occasion a serious disaster. In- 
tU>4'd, it iH^eaino clear that mere hand-work was not to be 
ndied on in the manufacture of these articles, and efforts 
wert^ early miuiu to produce them by means of machinery 
oi' thu nioHt |K'rfect kind that could be devised* In 1781, 
Ml*. Taylor, of Southampton, set up a large establishment 
on thu river Itchen for their manufacture; and on the 
expiry of his i*on tract, the government determined to 
eHtabiinh worktf of their own in Portsmouth Dock-yard, 
for tiie pur|)ose at the same time of securing greater 
economy, and of being independent of individual makers 
in tlie supply of an ailicle of such importance in the 
equipment of ships. 

Sir Samuel Beutham, who then filled the office of In- 
spector-General of Naval Works, was a highly ingenious 
person, and Iiad for some years been applying his mind to 
the invention <i£ improved machinery for working in wood. 
He had succeeded in introducing into the royal dock-jerdt 
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superior kind^ ^1 
le speciflcfttioo ^| 



Ct^wing-niiuihines and planing-machinesof a superior 
Bs well as blook-mttking macliines. Thus the 
•rfone of hiB patents, taken out in 1793, tlearly describes 
^ uiBcblne for shaping the shellg of tlie blocks, in a man- 
Vker simitar to llukt aOerwarde specified hy Brunei. Bcn- 
1 had even proceeded wiili the erection of a building 
1 FortsRloutli Dock-vard for the inanufucture ofthe blocks 
r his method, the neceesary steam-engine being nlreaily 
■ovided ; but wilh a singular degree of candor and gen- 
eroeity, on Brunei's method being submitted to him, Sir 
Samuel at once acknowledged ita superiority to his awn, 
ud promised to recommend its adoption by the aulhori- 
a his department. 
The circumstance of Mrs. Brunei's brother being TJn* 
■der-Secrelary to the Navy Board at the time probably 
J3ed Brunei in the first instance to offer his invention to 
■ the Admiralty. A great deal, however, remained to be 
P done before he could bring his ideas of the blot k -mac! lin- 
trj into a definite shape ; for there is usually s wide in- 
torvftl between the 6rst conception of an intricate mucliine 
aod ila practicjil realization. Though Brunei had a good 
knowledge of mcdienics, and was able to master the 
intricacies of any machine, lie labored under the disad- 
vantage of not being a practical mechanie : and it is 
probable that but for the help of some one possessed 
of this important qualification, his invention, ingenious 
and important though it was, would have borne no prac- 
tical fmits. It was at this juncture that he was so fortu- 
nate as to be introduced to Henry Blaudslay, the inventor 
ofthe sliJe-rest. 

It happened that a M. de Bacr[uaneourt, one of the 
French Emigres, of whom there were then so many in 
Iiondoa, was accustomed almost daily to pass Maudalay'a 
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little shop in Wells $:reeu and being himself an amateur 
turner, he curiouslT inspected the articles from time to 
time exLiliited in the window of the young mechanic. 
One daj a more than ordinarilr nice piece of screw-cnt* 
ting made its appearance, on which he entered the shop 
to make inquiries as to the method br which it hod been 
executed. He had a long conversation with Mandslaj, 
with whom he was greatly pleased ; and he was after- 
wards accustomed to louk in upon him occasionally to 
see what new work was going on. Bacquancourt was 
also on intimate terms with Brunei, who conmianicated 
to him the difficulty he had experienced in finding a 
mechanic of sufficient dexterity to execute his design 
of the block-making machinery. It immediately occurred 
to the former that Henry Maudslay was the very man to 
execute work of the elaborate cliaracter proposed, and he 
described to Brunei the new and beautiful toob which 
Maudslay had contrived for the purpose of insuring 
accuracy and finish. Brunei at once determined to call 
upon Maudslay, and it was arranged that Bacquancourt 
should introduce him, which he did, and afler the inter- 
view which took place Brunei promised to call again 
with the drawings of his proposed model. 

A few days passed, and Brunei called i?vnth the first 
drawing, done by himself; for he was a capital draughts- 
man, and used to speak of drawing as the *' alphabet of 
the engineer.** The drawing only showed a little bit of 
the intended machine, and Brunei did not yet think it 
advisable to communicate to Maudslay the precise object 
he had in view ; for inventors are usually very chary of 
explaining their schemes to others, for fear of being an- 
ticipated. Again Brunei appeared at Maudslay's shop 
with a further drawing, still not explaining his design 
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' ^t the tliird visit, immediately on looking at the freeh I 

*""" " luid brouglit, Maud^IaJ- exclain ■" ■' " • 

I see what yon are lliinkiTig of; you wiuil macliinery 

"" *»aking blocka." At this BruDel became more com- 

'. **ieatiie, and explainud Lis designs to the meclianic, 

, "^ fully entered into his views, and went on fiom that 

^dbrward striving to his utmost to work out the in- 

*»tor's uoQceplions aad embody them in a practical 

"^^cbine. 

^Vliile Btdl occupied on the models, wliich were begun 
"^J 1800, Maudslay removed his shop from Wells Street, 
^here he was assisted by a. single journeyman, to Maa^ 
Street, Cavendish Square, where he bad greater 
For carrying on his trade, and was also enabled to 
tlie number of bis hands. The working models 
KCre ready for inspection by Sir Samuel Bentbam and 
tlie Lords of the Admiralty in 1801, and having been 
fully approved by them, Brunei was authorized to pro- 
ceed with the execution of the re(|uisite machinery for 
the manufacture of the ships'-blocks re^tuired for the 
Boyal Navy. The whole of this machinery was ex- 
iled by Henry Maudslay ; it occupied him very fully 
neai'Iy six ycara, so that the manufiicture of blocks by 
Dew process was not begun until September, 1808. 
We despair of being able to give any adequate descrip- 
words of the intricate arrangcmunts and mode of 
of llio block-making machinery. Let any one 
tt^mpt to describe the much more simple and familiar 
by which a shoemaker makes a pair of shoes, and 
will iind Itow inadequnle mere words are to describe 
ly mechimical operation.* Suffice it to say, that the 
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marYiincrj was of the most beaatiftil manufacture and 
finish, anr] even at this day will bear comparisoD with the 
mo«t perfect machines which can be turned out with all 
the improve<l appliances of modem tools. Tlie framing 
wa» of caf*t-i 1*011, while the parts exposed to violent and 
rapid ofttion were all of the best hardened steeL In tnm- 
in;r out the various parts, Maudtilay found his slide-rest 
nf tndiHifCn!«able value. Indeed, without this contrivatice, 
it is doubtful wlietlier machinery of so delicate and in- 
tri(*ate a character could j>ossiblj have been executed. 
Tliere was not one, but many machines in the series, 
each devoted to a 8i)e(*ial opcnition in the fomiation of a 
blork. Thus tlicre were various sawin^^-machines, — the 
Slr:ii;;lit ('n>HS-(!nltinj» Saw, the Circular Cross-Cutting 
Saw, the I<(*cipnK*nting Uipping-Saw, and the Circular 
Kippiu;^-S;iw. Then there were the Boring Machines, 
luid tlie Morti.sinr]^ Machine, of beautiful construction, for 
cutlifi;: the shcavc-Iioles, funiished with numerous chisels, 
encli making from one hundred and ten to one hundred 
and l\\\y Hfn)kcs a minute, and cutting at every stroke a 
chip as thick as ))asteboard with the utmost precision. In 
adilitioii to thes(» wen; tlie Comer-Saw for cutting off the 
corru«n4 of the block, the Shaping I^Iachine for accurately 
forming the outside surfaces, the Scoring Engine fbr cut- 
ting the groove i-ound the longest diameter of the block 
for the n'ceptiori of the ro}>e, and various other machines 
for drilling, riveting, and finishing the blocks, besides 
those for making the sheaves. 

The total inimber of machines employed in the various 
oi)ei'ations of making a ship*s-block by the new method 

In h'lB nrticlo under this licnd in Rees*s Cychpaadia^ and by Dr. Brew- 
ster In tlie FAlinburyh Q/vUipcBdia. A very good account will also be 
found in Tomliusou^s CyclttpcBdia of the Vkeful Arii^ Art ^ Block.** 
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i fariy-fonr; and after being regularly employed in 
rtsmoath Dockyard for upwards of fifty years, tbey 
as peifei't in their action as on the day they were 
erected. Tliey coTistitule one of the most 
complete colleftionfl of tools ever invented for making 
alleles in wood, being capable of performing most of tlm 
practical operations of carpentry with the utmost accuracy 
and finish. The machines are woi'ked by a steam-engine 
of Itiirty-two-liorae power, which ia also used for varioua 
other dockyard purposes. Under the new system of 
block-making it was found that the articles were better 
made, supplied with much greater rapidity, and executed 
ftt a grenlly reduced cost Only ten men, with tlie new 
machinery, could perform the work which before had r 
quired a hundred and ten men to execute, and not fewer 
tlian one hundred and sixty thousand blocks of v 
kinds and sizes could be turned out in a year, worth not 
less tlian541,O00i» 

The Balisfactory execution of the block-macliinery 
brought Maudalay a large accession of fame and business ; 
and the premises in Margaret Street proving mucli too 
limited for hia requirements, he again resolved to sliift his 
quarters. He found a piece of ground suitable for liis 
purpose in Westminster lioad, Lambeth. Little i 



to Mr. Rrunel (brhis share in the inven 

'Ing', which, however, were estlmiilea hjr 

>] Deathum at IT.eBIt. ; b«sldn which a granl o{ i.WOl. wM 

o Branil when laborliig nnitor pecunimry din 

. But the annual Biviiig to the iMloa by Ihs idoptluii nf the lil 

utng intiohinery wua jirohiibl^ more Thnn the eiiiint tum piiiil ti 

. Brunei aftefwurds liivenled olher wood-work liig niacliii 

II niiefil «iid eicellencB wiih Iho shove. 

ahWp«rticii1a™oriii»enreer, »0B BbamibH's Utimai-t ■if Sir Stare 

' " Bfl, C £ r.ondon, 18B2. 
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than a century since it formed part of a manh, Hbe name 
of which is still retained in the adjoining street; its prin- 
ciixil productions being bulruslies and willows, which 
were Imuntcd in certain seasons by snipe and waterfbwL 
An enter|)ri8ing riding-master had erected some premises 
on a |)nrt of the marsh, which he used for a riding-school; 
but tli() speculation not answering, they were sold, and 
Henry Maudslay became the proprietor. Hither he le- 
moved his machinery from Margaret Street in 1810, 
ad(lin«j^ fresh plant from time to time as it was required ; 
and with the aid of his late excellent partner he built up 
the far-f'iuned establishment of Maudslay, Field, & Co. 
There he went on improving his old tools and inventing 
new ones, ns the necessity for them arose, until the original 
slide-lathes used for making the block-machinery became 
thrown into the shade by the comparatively gigantic ma- 
chine-tools of the modem school. Yet the original lathes 
arc still to be found in the collection of the firm in West- 
minster Road, and continue to do their daily quota of 
work with the same precision as they did when turned 
out of the hands of their inventor and maker some sixty 
years ago. 

It is unnecessary that we should describe in any gr^at 
detail the further career of Henry Maudslay. The rest 
of his life was full of useful and profitable work to others 
as well OS to Iiimself. His business embraced the makin<; 
of fiour and saw mills, mint machinery, and steam-engines 
of all kinds. Before he lefl Margaret Street, in 1807, he 
took out a patent for improvements in the steam-engine, by 
which he much simplified its ports, and secured greater di- 
rectness of action. His new engine was called the Pyram- 
idal, because of its form, and was the first move towards 
what are now called Direct-acting Engines, in which the 




Btend moveiaent of the piston is communicated by 
(cirting-vods to the rotatory movement of llie crark-shaf 
Ur. iS'nsmyth snya of it, llmt " on account of iis great aii 
X»licity and get-at-obilili/ of pnrts, iia comjiat'lneas and sel^,- 
contiunt'd steadiness, this engine has been tlie parent of »■ 
-vast progeny, all more or leas marked by the distinguish- 
ing features of the original design, which is still in as liigh 
iavor as ever." Blr. Maudslay also direeted his attention 
io like manner to tlie improvement of the marine engine, 
■wliich lie made so simple and effective as to become in a 
great measure the typo of its class ; and it has held its 
ind almost unchanged for nearly thirty years. The 
t* Regent," which was the first steamboat that plied he- 
ween London and Margate, was lilted with engines by 
[audslay in 1816; and it proved the forerunner of ft 
it number of marine engines, the manufacture of which 
ne one of the most important branches of 
Bchanical engineering. 

Another of Mr. Maudslay's inventions was his machine 
IT punching boiler-plates, by which the production of iron- 
work of many kinds was greatly facilitated. Tliisimprove- 
inent originated in the contract which he held for some 
yeara for supplying the Royal Navy with lion plates for 
ships' tanks. Tlie operations of sheanng and punching 
liud before been very imperfectly done b\ hand, with great 
expenditure of labor. To improve the stjie of the work 
and lessen the labor, Maudslay invented the machine now 
D. general use, by whicli the holes punched in the iron 
tste are exactly equidistant, and tlie sul)«equent opLration 
Krivotingis greatly facilitated. One of the resull*ol the 
pipTaved method wns the great saving u hicb w: 
BCtcd in the cost of preparing the plates to n 
Kvots. (ho price of which was reduced from seven BbiUingi 
T tank to ninepence. 
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He continued to devote himself to the last to the im- 
provement of the lathe, — in his opinion the master-mft- 
chine, the life and soul of engine-turning, of which thd 
planing, screw-cutting, and other machines in conimon 
u.'ie, are but modifications. In one of the earlj lathes 
which he contrived and made, the mandrill was nine 
inches in diameter ; it was driven by wheel-gearing like 
a cnine motion, and adapted to different speeds. Some 
of his friends, on first looking at it, siiid he was going 
**to() fast"; but he lived to see work projected on so 
\i\rixti a scale as to prove that his conceptions were just, 
and tliat lie Iiad merely anticipated by a few years the 
mechanical progress of his time. Ilis large removable 
bar-huhe was a highly important tool of the same kind. 
It was used to turn surfaces many feet in diameter. 
"While it could be used for boring wheels, or the side-rods 
of marine engines, it could turn a roller or cylinder twice 
or three times the diameter of its own centres from the 
ground-level, and indeed could drive round work of any 
diameter that would clear the roof of the shop. This 
was, therefore, an almost universal tool, capable of very 
extensive uses. Indeed, much of the work now executed 
by means of special tools, such as the planing or slotting 
machine, was then done in the lathe, which was used as 
a cutter-shaping machine, fitted with various appliances 
according to the work. 

Maudslay's love of accuracy also led him from an early 
period to study the subject of improved screw-cutting. 
Tlie imix)rtance of this department of mechanism can 
scarcely be overrated, the solidity and permanency of 
most mechanical structures mainly depending on the em- 
ployment of the screw, at the same time that the parts 
can be readily separated for renewal or repair. Any one 
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form aa idea of tlie importance of the screw aa it 

'*lient in mechanical conBlruction by examining sny 

im-engjne, and counting the numher of screws en 

'ttved in holding it togetlier. Pi-eviou3 to the time at 

'tiich the subject occupied the attention of our mechanic, 

loolif used for mflking acren-a were of the most nido 

**-ftd inexact kind. The screws were for tlie most putt 

Cm by lialid: the small by filing, llie larger bj clji[>pii>5 

filing. In consequence of tlie great difficulty of 

fag them, as few were used as possible ; and cottei% 

;erila, or forelock?, were employed instead. Sore^v*, 

re to a certain extent iiidispcnsable ; and 

eacti manufacturing establishment made them af^er their 

own fashion. Tliere was an utter want of unifbrmiiy. 

No system was obsei-ved as to " pitcli," i. e. the numher 

of threads to the inch, nor was any nile followed os to 

the form of those threads. Every bolt and nut was a 

irt of specialty in itself; and neither owed nor admitted 

Any community with its neiglibora. To such an extent 

this irregularity caiTied, that al! bolts and their cnt- 

iding nuts had to be marked as belonging to each. 

;her ; and any mixing of them together led to endless 

ible, hopeless conftision, and enormous expense. In- 

but those who lived in the comparatively ear!^ 

t;^ of machine-manufncture can form an adequate idea 

Ae annoyance occasioned by the want of system in this 

ich of detail, or duly appreciate the services rendered 

by Maudslay to mechanical engineering by the practical 

whirh he was among the first to iniroduce for 

its ramedy. In his system of screw -cut ting mnchinei'ir, 

|>ills taps find dies, and sci'cw-tackle generally, he laid tlie 

rndalions of all that has since been done in this cssi 

brtuich of machine construction, in which ho n-as 
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ably followed up by several of tlie eminent mecliaiift*B 
brouglit up in bis school, and more especially by Joseph 
Clement and Josepli Whitwortb. One of his earliest 
self-acting screw lathes, moved by a guide-6crew and 
wheels after the plan followed by the latter engineer, int 
screws of large diameter and of any required pitch. As 
an illustration of its completeness and accuracy, we may 
mention that by its means a screw five feet in length, and 
two inches in diameter, was cut with fifty threads to the 
inch ; tlie nut to fit on to it being twelve inches long, and 
conUiining six hundred threads. This screw was princi- 
pally used for dividing scales for astronomical purposes ; 
and by its means divisions were produced so minute that 
they could not be detected without the aid of a magni- 
fier. The screw, which was sent for exhibition to the 
Society of Arts, is still carefully preserved amongst the 
spe(;imens of Maudslay's handicrafl, at the Lambeth Works, 
and is a piece of delicate work which every skilled me- 
chanic will thoroughly appreciate. Yet the tool by which 
this fine piece of turning was produced was not an excep- 
tional tool, but was daily employed in the ordinary work 
of the manufactory. 

Like eveiy good workman who takes pride in his craft, 
he kept his tools in fii*st-rate order, clean and tidily ar- 
ranged, so that he could laj his hand upon the thing he 
wanted at once, without loss of time. They are still pre- 
served in the state in which he left them, and strikingly 
illustrate his love of order, " nattiness," and dexterity. 
Mr. Nasmyth says of him that you could see the man's 
character in whatever work he turned out; and as the 
connoisseur in art will exclaim at siglit of a picture, 
** Tliat is Turner," or « That is Stansfield," detecting the 
hand of the master in it, so the experienced mechanidani 
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%lit of one of Ilia taat^hmea or engines, will be equnllf , 
jdjf to exclium, "That is Slaudslay"; for the thanictec»i 
; etyle of the maater-mind is aa clear to the experfi 
I case of the finished macLine as tl) 
nicbes of tlie oi'tist'a pencil are in the c^o of the fin-' 
1 picture. Every mechanical contrivance that bo- 
s llie subject of im study came ibi-th from Lia hand 
^d, simplified, and made new, with the 
a of bis individuality stamped upon it. He at once 
ripped tlie subject of all unnecessary complications ; for 
) possessed a wonderful faculty of kaoieing what to Jo 
•ilAout, — the result of liis clearness of insight into me- 
uiical adaptations, and the accurate and welMelined 
3 he had formed of the precise object to he accom- 
" Every member or separate miichiiie in tlio 
system of biock-raachinery," aaya Mr. Nasmyth, ■■ is fnlj 
of Jlaudslay'a presence ; and in that machinery, as con- 
etructed by liiin, is to be found the parent of eveiy end- 
ing tool by the aid of which wo are now achieving 
nch great things in mechanical construction. To tlie 
3 of which Maudslay furnished the prototypes are we 
inly indebted for the perfection of our textile mauliin- 
i, our marine engines, and the various 
mplements of art, of agriculture, and of war. If any 
n enter into the detaib of this subject will be 
at the pains to analyze, if I may so term it, the macli 
ery of our modem cn^necring workshops, he will find ia 
all of them the strongly-marked features of Muudslay'a 
pjt rent machine, the slide-reat and slide system, — whether 
it be a planing-machine, n alotting-machiiic, a slide-lathe, 
r any other of the wonderful toob which are now ena- 

g us to accomplish so much in mechnnisni. 
' One of the things in which Ur. Alaudalay took 
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pride was in the excellence of his woA, In d«rij 

Ills tnnin object was to do 
jiossiMe Btvie and finisb, altogether irrespeclire of 
prolmble pccuninry rcsulla. Tliis he regarded in the 
li;;lit of a duty ho could not and would not evade, in- 
dcjiendent of its being n good investment for Becuring a 
fblure reputation ; and the cbitracter which he thus ob- 
tained, ulihongh at time* purchased at great cost, cv«nt- 
unlly jnnified the goundneas of hia vien-!>. As the emi- 
nent Mr, Penn, the head of the gre.il 
ii Jiccustomed to say, " I cannot afford to tnm out gecond- 
ralo wortt," HO Sir. Maudslay found both character 
profit in Btiiving after the highest excellence 
diictions. He was paiticular even in 
Thus one of the points on which he insisted, — apparei 
a trivial matter, but in reality of considerable impoitance 
in meclianiml conetniclion, — was the avoidance of shsi^ 
intflrior angles in iron work, whether wrought or cast j f<ff 
lie found that in such interior angles cracks were apt. 
originate : end when the article was a tool, the sharp 
gle was less pleasant to ilie hand as well as to the 
In the application of his favorite round or hollow 
nyslora, — as, for instance, in the case of the points of ji 
tion of the arms of a wheel with its centre and ritn,i 
be used to illustrate its superiority by holdintf up hia 
and pointing out the nice rounded hollow at tlie juii 
of the fingers, or by referring to the junction of 
bmnehes to the stem of a tree. Hence he mode t 
of having nil the angles of his machine framework 
rounded otf on tlieir CAterior, and carefully hollowed 
Iheir interior an^-les. Iii forging such iirtrclos he would 
slinpo his metal before beading that the result ehould 
the right hollow or rounded comer when bent 
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«ted external angle falliji^ into it» prnper plara vheti 
^_, o aliajieJ was bixinglit lo its uUimale f i 

*ll such mallerB of detail lie was greatlji- UBsisteil liy lit* 
^Oily ilexlerity as a blacksmith ; ami he used to pay ili:it 
lo be a good smith you must be able to see in the bar of 
irott the object proposed to be got out of it by the 
mer or the tool, just as llie sculptor is 8U|iposcil to s^i 
tte block of jtone the statue which he pi'oposes to hi 
forth from H by bis mind and his chiael. 

Ur. Maudslny did not alloir himself to forget hts skill' 
in the use of the hammer, and to the last be took pleas- 
ure in handling It, sometimes In (be way of business, axtS, 
often through sheer love of liis art Jlr. Nasmylh says ". 
" It was one of my duties, while acting as assistant In liia 
beautiful little ivorkshop, to keep up a ftock of Iiand5' 
bars of lead ivliich he bad placed on a shelf under hia 
work-bench, which was of thick slate, for the more i-eady 
niakiag of his usual illustrative sketches of laaclilnery in 
chalk. His love of iron-forgiag led Iilm io take delight 
in forging the models of work to be ullimslely done in 
Iron i and eold lead being of about the same malleability 
i red-hot iron, ftirnislied a convenient material for illuS- 
e method to be adopted with the large work, i 
pell remember the smile of satisfuetion that lit up big 
est face when he met with a good excuse tor " havitij 
B^ at " one of the bars of lead with hammer and anvil 
|l if it were a bar of iron ; and how, with a few doxter- 
■ strokes, pnnclungs of holes, and rounded tiotcltes, hu 
nolil give the rough bar or block its desired lorm. lie 
Iways aimed at working it out of the solid as much 
D as to avoid the risk of any concealed deit 
^ irliich iron-work built up of welded pans Is so liablu 
I when he had thus cleverly finished his model, ha 



I 
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Dsed forthwith to send for the foremnii of nnitliB, 1 
ehon- Lira hour he was to instruct hb i 
projier forging of the desired ohjeet." One of j 
Maii<UI.i}''s old iTorkinen, wjien infomiln 
Efcilfut manner in which he Imndled the file, Baid,1 
was a pleasure to see hira tiandle a tool of any kind, B 
he was quite tplendid with au eighleen-inch file!" 11 
vice al whkh he worked was constriicted \>y liiiosdf, and 
it was perfect of ita kind. Jt could be turned round lo 
any position on the licnch ; the jaws woulil turn from the 
horizontal to the perpendlfular or any oilier position, — 
upaidc-down if necessary, — and they would open twelTfl 
inulies pamJbL 

Jlr. Nnsmyth furnishes the following further recollec- 
tions of Mr. Maudslay, which will serve in eomo measure 
to illustrate his personal cliaracler. " Henry Maudi^lay," 
he says, "lived in the days of snuff-taking, which un- 
happily, as I think, lias given way to the cigar-smoking 
system. He enjoyed his occasional pinch very much. 
It generally preceded the giving out of a new notion or 
suggestion for an improvement or alteration of some job 
in hand. As with most of those who enjoy their pinch, 
about three times as much was taken between the lingets 
as was utilized by the nose, and the consequence was that 
a large uncotisumed surplus I'ollcpted in the folds of the 
imisler's waistcoat as he snt working at liis hencli. Some- 
times a file, or a tool, or some small piece of work would 
di'op, and then it was my duty to go down on my knees 
and fetch it up. On such oiicasions, while waiting for the 
arliulc, he would lake the opjKirt.unity of pulling down 
liis waistcoat front, which had become disarranged I 
IiIb enei^'tic working at the bench; 
bavG I como up with tlio dropped article, half-blii 




' tho Bnuff jerked itilo zaj ejea from off h 
1 the wLile he ■was at work he would be 



waistcoat ^H 
ie narratins ^^ 



il'e, or describing tlie progress 
mporUtiit undertakmg, in iliustratiug 
!i he would use the bit of chaUk ready to Lis hand 
n the elate bench berore liiiii, which was thus in almost \ 
One of the pleasures he indulged in while j 
Lt at work was Music, of which he was very fond, — J 
i particularly of radodies and aira which took a last- f 
; hold on his mind. Hence he ivaa never without a 
^JISEortment of musical boxes, some of which ivere of 
r these he would set agoing on h 
y table, whicii was ncAt to hia workshop, and with I 
) door kept open, he was thus emibled to enjoy the i 
music wliile he sat working at hia bench. Intiraato , 
frienils would frequently call upon him and sit by the 
hour, but though fjilking all the while he never di'opped 
s work, but conti[iued employed on it with as much ;eeal { 
I if he were only beginning life. Hia old friend I 
Mmuel Bentham was a fj'equent caller in this way, aa | 
1^11 aa Sir l-^amliard Bi-unel while occupied with his | 
I TuDnel works,' and Sir. Chantroy, w 
Wtomed to consult him about the casting of his 
mze statuary. BIr. Barton of the Koyal Blint, and ' 
Mr. Donkin tliti engineer, with whom Mr. liarlor 
usociateJ in ascertaining and devising a correct system 
of dividing the Standard Yurd, and many others, had i 

• Aicong file lust irorfci execute! by tlie flrtn during Mr. Mandcliiy'i 
Itftlime wns tha rutnaue SliieM employer] by lib frieiiii Brunei In cnny- 
4 roTvrnrd the extnvntion of the Tbnnies Tunnel. Ue nlso supplied 
n puinpiiig-enginei for Che uune great nark, Uie completloa 
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like audience of Mr. Maudslay in his little workshops fiir 
friendly converse, for advice, or on affairs of business. 

'' It was a special and constant practice with hini on a 
workman's holiday, or on a Sunday morning, to take a 
walk through his workshops when all was quiet, and then 
and there examine the various jobs in hand. On snch 
occasions he carried with him a piece of chalk, irlth 
which, in a neat and very legible hand, he wonld itSCoKl 
lib remarks in the most pithy and sometimes cadstie 
terms. Any evidence of want of correctness in betting 
things square, or in " flat filing," which he held in high 
esteem, or untidiness in not sweeping down the bench 
and laying the tools in order, was sure to have a record 
in chalk made on the spot If it was a mild case, the 
reproof was recorded in gentle terms, simply to shcnr 
that the master's eye was on the workman ; but whete 
the case deserved hearty approbation or i-equired equally 
hearty reproof, the words employed were few, but went 
straight to the mark. These chalk jottings on the bench 
were held in the highest respect by the workmen them- 
selves, whether they conveyed praise or blame, as they 
were sure to be deserved ; and when the men next as- 
sembled, it soon became known all over the shop who 
had received the honor or otherwise of one of the master's 
bench memoranda in chalk." 

The vigilant, the critical, and yet withal the generous 
eye of tlie master being over all his workmen, it will 
readily be understood how Maudslay's works came to be 
regarded as a first-class school for mechanical engineers. 
Every one felt that tlie quality of his workmanship was 
fully understood ; and, if lie Iiad tlie right stuff in him. 
and was determined to advance, that his progress in skill 
would be thoroughly appreciated. It is scarcely iieoeB- 
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la poini out how tliia feeling, pervading the 
it, most have operated, not only in maintaining 
lity of the work, but in improving the cliaracter of 
workmen. The results wefe felt in the increased 
deal ability of a lai'ge number of artisans, some of 
TO subHequently rose to the highest distinction. In- 
ieed it may he said that what Ox.roi*d and Cambridge are 
in letters, workshops sui;h as Maudslay's and Penn'a are 
in meclmnics. Nor tan Oxford and Cambndge men be 
jiroudcr of the connection with tlieir reepective folleges- 
tlinn merhanics such aa "Wljitworth, Naamytli, Uoberte,, 
Mtiir, and Jjewis nre gf their connection with the school 
Jfaudslay. For all these distinguished eng^eers at 
time or another formed part of his woridng staff, 
were tfoined to the exerdse of tlieir special abilities 
hia own eye. Tlie result has been a development 
of medianiukl abilitj the like of which perhaps is not to 
ix found In any age or country. 

Although Air. JMaudslay was an unceasing inventor, he 
Iroobled himself ver^ little about patenting his inventions. 
He considered that the superiority of his tools and the 
«ire]lence of his work were his surest protection. Yet 
he Iwd smnetimes the annoyance of being threatened 
with actions by persons who had palenlijd the inven- 
nhicb he lumself had made.* He was much beset 
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hy inventors, Bometimes sadlj oat at elbows^ but alwiji 
with n Vxmndless fortune looming before fhem. To sndi 
as uj)|)Ile(I to liim for advice in a frank and candid spiriti 
)i(} did not hesitate to speak freely, and commiiiiicate the 
n^HiilLs of his great experience in the most libend maimer; 
and to poor and deserving men of this class he was often 
found as rendy to help them with bis purse as with his 
Htill more vahiahle advice. He bad a singular waj of 
estiinatiii<; tlie abilities of those who thus called npoo him 
ahout th(>ir projects. The highest order of man was 
marked in his own mind at 100°; and by this ideal 
Hta?idard he measured others, setting them down at 90% 
HO'*, and so on. A very first-rate man be would set down 
at l).")". hut men of this rank were exceedingly rare. After 
an interview with one of the applicants to him for advice, 
h(! would say to his pupil Nasmyth, <' Jem, I think that 
man may be set down at 45°, but be might be worked up 
to (>()°," — a common enough way of speaking of the 
woi'kinf]^ of a steam-engine, but a somewhat novel, though 
by no means an inexpressive, method of estimating the 
]>()W(M*8 of an individual. 

l^ut while he had much toleration for modest and 
meritorious inventors, ho had a great dislike for secret- 
monj»(M's, — si'liemers of the close, cunning sort, — and 
usually made short work of them. He bad an almost 
eipial aversion for wliat he called the "fiddle-faddle in- 
ventoi's," with their omnibus patents, into which they 
pafkcd every j)0ssible tiling that their noddles could 
inin,^ine. ** Only once or twice in a century," said be, 
** docs a jjjrcat inventor aj>pear, and yet here we have a 
set of iellows each taking out as many patents as would 
fill a rart, — some of them embodying not a single origin 
nal idea, but including in their specifications all mannei 
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'rf modifications of well-knoTvii processes,' as well as an- 
tici]mting the arrangements which may become practicable 
in the pi-ogress of mechanical improvement." ]Many of 
these " patents " he regarded as mere pitfalls ijo catch the 
unwary ; and lie spoke of such " inventors " as the pests 
of the profession. 

The personal appearance of Henry Mandslay was in 
correspondence with his character. He was of a com- 
manding presence, for he stood full six feet two inches in 
height^ a massive and portly man. His face was round, 
full, and lit up with good humor. A fine, large, and 
square forehead, of the grand constructive order, domi- 
nated over all, and his bright, keen eye gave energy and 
life to his countenance. He was thoroughly "jolly '* and 
good-natured, yet full of force and character. It was a 
positive delight to hear his cheerful, ringing laugh. He 
nas cordial in manner, and his frankness set everybody 
at their ease who had occasion to meet him, even for the 
first time. No one could be more fliithful and consistent 
in his friendships, nor more firm in the hour of adversity. 
In fine, Henry Maudslay was, as described by his friend 
Mr. Nasmyth, the very beau ideal of an honest, upright, 
straightforward, hard-working, ir lelligent Englishman. 

A severe cold, which he caught on his way homo from 
one of his visits to France, was the cause of his death, 
which occurred on the 14th of February, 1831. Tlie void 
wliidi his decease caused was long and deeply felt, not 
only by liis family and liis large circle of friends, but by 
his workmen, who admired him for Iiis industrial skill, 
and loved him because of his invariably manly, generous, 
and upright conduct towards them. He directed that lie 
should be buried in Woolwich parish-churchyard, where 
a cast-i3X>n tomb, made to his own design, was erected 



288 INDUSTRIAL BIOGBAPHT. 

over his remains. He had ever a warm heart for Wod^-" 
wich, where he had heen bom and brought up. He often -^ 
returned to it, sometimes to carry his mother a share of 
his week's wages while she lived, and aflerwarda to re- 
fresh himself with the sight of the neighborhood with 
which he had been so familiar when a boj. He liked 
its green common, with the soldiers about it ; Shooter's 
Hill, with its out-look over Kent and down the Talley of 
the Tiiames ; the river busy with shipping, and the royal 
craft l(;ading and unloading their armaments at the dock- 
yard wharves. He liked the clangor of the Arsenal 
smithy, where he liad first learned his art, and all the 
busy industry uf the place. It was natural, therefore, 
that, being proud of liis early connection with Woolwich, 
he should wish to lie there ; and Woolwich, on its part, 
let us add, has equal reason to be proud of Henry 
Maudslay. 



CHAPTER XIII. 



Joseph Clement. 



P.l^AT eliill ill mechanical contrivance is a matter of 

location nitd training bs well as of inborn faculty, is 

■ from the fact of so many of our distinguiahed 

schanics undergoing the same kind of practical disci- 

I, and perhaps still more so from the circumstance 

many of them passing through the same workshops. 
i Maudslay and Clement were trained in the work- 
lops of Bramah ; and Roln.'rts, WhJttvorllt, Kasmjth, 

1 others, were trained in those of Maudslay. 
kJoseph Clement was horn nt Great Ashby io West- 

reland, in the year 1779. 11\a father was a liand-loom 
r, and a man of remarkable culture, considering his 
fnble Btaljon in life. He was an ardent student of 
tural history, and possessed a much more comjileto 
wledge of several sub-hranches of that science than 
S to have been looked for in a cj:immon workingman. 
be of the depiirlmenla which he specially studied was 
falonuilogy. lu liia leisure hours he was accustomed 
I tiuverse the country seiirching the hedge-butloms far 
Htlca nntl olhcr iiisetls, of which he formed a reraarka- 
plele coUei'tiou; and the capture of a nire spud- 
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fiii'ii wni4 qui If; an i;vcnt in Lis life. In 
lilMri-:it<'l)' to htudy the liabiu <if the bee tribe, be 
iiijtiii>i:r oi' hivf;H ronHtructed, fur tbe purpose of 
him to wiiti h tli(;ir jinxxredingB without leaTingLMvoi^; 
iitid I hi: puihijii wiw a source of the grmtcst pleaenre to 
him. ilii wiiH li hivcr of all dumb creatures; hk eott^ge 
wii» h:uitih-'l \ty hinlH which flew in and out al hk door, 
iiihI nomc. of thf;rn hcc^time so tame as to hop np to him 
iiimI ri-fil out of hiH hand. ^ Okl Clement" was also m htL 
of II iiic(-hiuii(!, HI id such of Lis leisure maments as lia 
«li<l iioi (h-volc t(> insect-hunting were employed m woriB- 
in;^ II hit hi; of hJH own construetion, which he used to tarn 
hin liohhiim on, and alM> in various kinds of —«■*«■■*' 
iiirrhiinicH. 

IIIh hoy .hwioph, like other poor men*s sona^ was eailjr 
Hi't. to work. Ilo riiccived very little education, and learnt 
only t!iti niri'cHt rudimentB of reading and writing al the 
viihiyi* m'h(M)l. 'IMie re8t of his education he gave to him- 
pi'H' ii.i hr ^;ri'\v ohh'.r. U'lA father needed his help at the 
hioiii, wh«n* h(* work(Hi with him for some years; but, as 
hiiiiil loom wi'iiv iiii{ wii» gnulually being driven out by im- 
pi'iiMMl iiict'liMtiirHiu, the futlier prudently resolved to put 
hiH Hoii to II hctti'i' tnule. They have a saying in Cum- 
Imihtnil, tli:it when the bairns reach a certain age they 
an* thrown on to the hou8e-ri<;g, and that those who stick 
on an; niudo thatcliors of, while those who fall off are 
Hriit to Sl Wvva to be made parsons of. Joseph must 
ha VI' lictM) one of those that stuck on, — at all events 
his fatlior doridtMl to make liim a thatcher, afterwards a 
hlatrr, and hr worked at that trade for five years, between 
tijjfhtoon and twcnty-thi-ce. 

'Vhv son, like the father, had a strong liking f*yt me- 
chiuiics, and us the slating trade did not keep him in reg- 
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IT omjiloyment, eepeciBlly in winter lime, he Iiad plecty 
if opportuuity tor following the bent of liia inclinations. 
B made a friend of tJie viUiige l)la;:ksmith, whoge smithy 
b was accustomed to frequent, and tliere he learned to 
k Ht the forgf, to hnndic the haminur ajid file, aiid in 
Btliort tune to shoe liorttca willi considerable expertness. 
|L oonein of Lis named Fartr a clock and wutch maker by 
tie, having relurncd to the village from London, brought 
■nth liim jHHne books on mechanics, which ho lent to Ja~ 
■pli ta read ; and tliej kindled in luni an ardent desire 
i mechanic inatend of a slater. He neverthclesB 
Hi^imed to mninliiin himself by the latter trade for some 
i longer, until his skill hnd grown ; and, by way of 
Uldvatlng it. he determined, with the aid of his friend 
pe Tillage bl.-icksmitb, to make a tuming-latbe. T\ia 
aet to work, and the result was Ihn produttion of an 
e in every way euperior to that made by Clement's 
er, which was accordingly displaced to make room f<^ 
r machine. It was found to work \cry salisfuc- 
rily, and by its means Joseph proceeded to turn fifes, 
, clarinets, and liautboys ; lor to his other ncrom- 
i he joined that of music, and could play upon 
e instruments that he made. One of his most ambitious 
9 the maki[ig of a ()ajr of Norlliumbeiland bag- 
I, which he finished to his satisfaction, and performed 
I ta the great delight of the villagers. To aa-'ist bis 
mtomologicul studies, ho even contrived, 
lath tlie aid of the descriplioiis given in the books bor- 
rowed from Ids cousin Die watebmidter, to make for him a 
lderaa(!!upc, from whieli he proceeded to make a refleclins 
leleaoope, whicli proved a very good insti-umunt. At this 
ftrly period (1804) be also seems lo have directed hii 
mti«D to Hcrew-makiug, — a brunch of meclmoics 



i 



202 INDUSTRIAL BIOGRAPHY. 

which he afterwards became famous ; and he proceeded 
to make a pair of very satisfactory die-stocks, though it 
is said that he had not before seen or even heard of such 
a contrivance for making screws. 

So clever a workman was not likely to remain long a 
Tillage slater. Although the ingenious pieces of work 
which he turned out by his lathe did not bring him in 
much money, he liked the occupation so much better than 
slating that he was gradually giving up that trade. His 
father urged him to stick to slating as ^ a safe thing " ; but 
his own mind was in favor of following his instinct to be 
a mechanic ; and at length he determined to leave his vil- 
lage and seek work in a new line. He succeeded in find- 
ing employment in a small factory at Kirby Stephen, a 
town some thirteen miles from Great Ashby, where he 
woiked at making power-looms. From an old statement 
of account agjilnst his employer which we have seen, in 
his own handwriting, dated the Gth September, 1805, it 
appears that his earnings at such work as "fitting the 
first set of iron loames," "fitting up shittles," and "mak- 
ing moddles," were Ss. 6d. a day ; and he must, during 
the same time, have lived with his employer, who charged 
him as a set-off "14 weaks bord at 8s. per weak." He 
afterwards seems to have worked at piece-work in part- 
n(*r8hip witli one Andrew Gamble, — supplying the mate- 
rials as well as the workmanship for the looms and shut- 
tles. His employer, Mr. George Dickinson, also seems 
to have bought his reflecting telescope from him for the 
sum of 12/. 

From Kirby Stephen, Clement removed to Carlisle, 
where he was employed by Forster and Sons during the 
next two years at the same description of work ; and he 
conducted himself, according to their certificate on hiF 
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»Tuij itieir emplo^ent to proceed to Glasgow !n ISOn 
r- with great sobriety and industry, entirely to their i 
Wliile working at Glasgow as a turner, lie 
in drawing Trom Peter Nicholson, tile well-knowM 
jivriter on carpentry. — a highly ingenious man. Nichol 

n happened to call at the shop at wliieh Clement w 

in order to make a drawing of a power-loom i and CleniJ 

cnl's expressions of admirution at his cxpertnese \vei^ 

BO enthusiofliJc, tliat Nidiolson, pleased with the ynuiU'd 

praise, asked if Lo could he of service to him in an 

Emboldened by the ofibr, Clement requested, 

greatest favor he could confer upon him, to bo 

loan of the dinwing he had jitst made, in order that Ii 

might copy it. The request was at once complied withu 

_ and Clement, though veiy poor at the time, and Bcarcel/l 

|Able to buy caadle for the long winter evenings, sat up 

ate every niglit until he liad finished it Tbougli the 

^ist drawing he had ever made, he handed it back to 

SJieholson instead of the original, and at first llio 

uightaman did not recognize that the drawing was 

l|iot his own. When Clement told him that it was on- 

By the copy, Nichobon's brief hot empliatie praise was, 

'* Young man, you 'II do!" Proud to huve such a pupil, 

r'KichoLson generously oflfereji to give liim gratuitous lea* 

Bona in drawing, which wc-e tUaiikfuUy accepted; and i 

Clement, working at night!^ with great ardor, soon i 

ra}>id progress, and became an oxiiert draughtsman. 

Ti'ude being very slack in Gliiagow at the tune, Gem 
ent. afler about a year's stay In the place, accepted a eitoj 
with Messrs. Leys, Masson, and Co., of Abei'dcoi 
with whom he began at a guinea and a half a week, froi 
which he gradually rose to two guineas, and ultimately ti 
tbree guiocaa. Ilis principal work consisted in desigi: 




S94 INDUSTRIAL BIOGRAPHT. 

and making power-looms for liis employers, find fitting 
them up in different parts of the country. He continncd 
to devote himself to the study of practical mechanics, and 
made many improA^ements in the tools with which he 
worked. While at Glasgow he had made an imptxyved 
pair of die-stocks for screws ; and at Aberdeen he made 
a turning-lathe with a sliding mandrill and guide-screwa, 
for cutting screws, furnished also with the means for oor* 
recting guide-screws. In the same machine he introduced 
a small slide-rest, into which he fixed the tool for cutting 
the screws, — having never before seen a slide-rest, though 
it is very probable he may have heard of what l^laudslay 
had already done in the same direction. Clement con- 
tinued during this period of his life an industrious self- 
cultivator, occupying most of his spare hours in mechani- 
cal and landscape drawing, and in various studies. Among 
the papers lefl behind him we find a ticket to a course of 
instruction on Natural Philosophy given by Professor 
Copland in the IVIarischal College at Aberdeen, which 
Clement attended in the session of 1812-13; and we do 
not doubt that our mechanic was among the most diligent 
of his pupils. 

Towards the end of 1813, afler saving abont 100/. out 
of his wages, Clement resolved to proceed to London for 
the purpose of improving himself in liis trade and poshing 
his way in the world. The coach by which he travelled 
set him down in Snow Hill, Holbom; and his first 
thought was of finding work. He had no friend in 
town to consult on the matter, so he made inquiry of the 
coach-guard whether he knew of any person in the me- 
chanical line in that neighborhood. The guard said, 
** Yes ; there was Alexander Galloway's show shep^ just 
round the comer, and he employed a large number of 
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Htnds." Gunning round the comer, Clement Iwked ii 
t Gftlioway's window, tliJ-ougli ivliicli Le saw some lath* 

A olhei' articles used in macliine-sliopa, 

e calleil upon llin nwner of tlie sliop to ask eniploynientJ 

" What can you do ? " asked Galloway. " I can work a 

i forge," said Clement. "Anything else?" "I c 

" Wliat else ? " *' I can draw." " What ! " si 

Galloway, " can you draw ? Then I will engage you.' 

I wlio could draw or work to a drawing i 

vas regarded as a superior sort of meiihanicT 

IThough Galloway waa one of the leading tradesmen of J 

B time, and had excellent opportunities for advance-j 

ent, be missed them alL As Clement aflei'tv 

f liim, " lie was oidy a mouthing eommon-cou 

iLe height of whose amhition was to be an alderman "jj 

lod. like most corporation eelehrttics, he held a low n 

Fin bia own business. lie very lurely went into his work- J 

lOpft to superintend or direct his workmen, leavin, 
■1o his foremen, — a suflicient indication of the cau! 
|4us failure as a mechauic." 

nonsnccnsion Gnllonnvhnd a Cflst-irDB rDorrmulerorhiitwnrk'^ 

10 But Bin! lo ludependent of tin that riio wonder w»» that it 
Dnlil h«T« itaotl Mil bour. One day Felsr Keir, aa BnglDeer niucb 

(npioyed by tlmgovenimont. — B clever man, lliough wmowhiit eccBn- 
rit, — w»i tHiien Into Ihe ehop by Gnltowny lo ndmiro the new roof. 

n glnncing np Bt it, Tminedlntely eMlnfmed, " 
d tat <W *penlt nlnDI it there! " All iIihI he Dnald w 
iKtlUg the Dnaoundaess of its cODBlrucIioii wss of i 

11 that, however Keir might urgue nbmit its imt 
Mid, there it wns aetually standing, and thnt wiia enimgU flv QalH 

X«rr went home, hb mind filled with Gallriii 
lied roof. " U thm itandt," uiid be to biiof^eir, " all Ihnl I hi 
til jMunlng and doing for thirty years bs'i beeo wrong." That nigblF 
IBcnnhl not sloop fur thiiikhip; about It. In the morning )i< 
« HIM. and relnrned home 11111 miitlerlng to hints 
Ptbatroot" " What," uid liis wifa lo biin, "mo you tbiuklnK <i 
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On entering Galloway's shop, dement was first 
ployed in working at the lathe ; hut finding tlie toob 
bad that it was impossible to execute satisfactory 
with them, he at once went to the forge, and began mak'^ 
ing a new set of tools for himself. The other men, 
whom such a pniceeding was entirely new, came w™™^"^ d 
him to obsen'c his operations, and they were much 
with his manual dexterity. The tools made, he pi 
ceeded to use thim. displaying what seemed to the othc 
workmen an urrisual degree of energy and inteUigence s 
and some of the old hands did not hesitate already 
pronounce Clement to be tlie best mechanic in tlie phop_ - '^ 
"UHitii Saturday ni^fht came round, the other men 
curious to know what wages Grallowny would allow thf 
new liand ; and wiien he had been paid, they asked 
*• A fr;uinea," was the reply. *' A guinea ! Why, you are- 
worth two if you are worth a shilling," said an old man. 
who came out of the rank, — an excellent mechanic, who^ 
tliougli comparatively worthless through his devotion to 
diink, knew Clement's money value to his employer bet- 
ter than any man there ; and he added, " Wait for a 
week or two, and if you are not better paid than this, I 
can tell you of a master who will give you a fairer 
wage." Several Saturdays came round, but no advance 
was made on the guinea a week ; and then the old work- 
man recommended Clement to offer himself to Bramah at 
Pimlico, who was always on the look out for first-rate 
mechanics. 

Clement acted on the advice, and took with him some 

Galloway's iv>of ? '* " Yea," said he. " Then you have Been the pa- 
pers ? " " No, — what about them ? *' " Galloway's roof has fallen 
in this morning, and killed eight or ten of the men! ** Ke'r immedi* 
ately went to bed, and slept soundly till next morning. 
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fim drawing, at eight of which Bramah iinm(^diute1}' 

|Hgeil bim Tor a monlh ; Antl at tbu end of that lime hu 

) much satisfactinn, that it was a^ed he 

pould continue for three monilia longer at tivo guineas a 

Clement was placed in charge of the toola of tlie 

p, and he showed himself so apt af introducing im- 

jovcments in them, as well as in orpinizjng thu work 

nth a view to despatch anil economy, Hint at the end of 
e term Bramah made him a handsome preatinl, aildiiig, 
" If I had secured your services five years since, I woulil 
DOW have been a richer man by many thousands of 
pounds." A formal a^eemeiit for a ti-rin of 8\'e j-ears 
was then entered into between Bramtih and Clement, 
dated the 1st of April, 1814, by whicli the latter under- 
took to fill the oflice of chief-draughtsmnn and BU|ieriri- 
tendcnt of the Pimlico Works, in consideration of a salary 
of three guineas a week, with an advance of four shillings 
a week in each succeeding year of the engagement. This 
arrangement proved of mutual advantage to both. Clem- 
ent devoted himself with increased zeal to flie improve- 
ment of the mechanical arrangements of the concern, 
exhibiting his ingenuity in many ways, and taking a 
genuine pride in upholding the ebaracter of his master for 
turning out firet-elaas work. 

On the death of Bramah, his sons returned from col- 
lege and entered into possession of the business. They 
found Clement the ruling mind there, and grew jealous 
of him to such an extent that his situation became un- 
comfortable ; and by mutual consent he was allowed In 
leave before the eKpiry of his term of agreement. He 
had no diificulty in finding employment ; and wa-" at once 
taken on as chief draughtsman at l^Iandsliy and Field's, 

where lie was of much assistance in proportioning tha 
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early marine engines, for the manafactaie of wliich that 
firm were becoming celebrated. AAer a short time, he 
became desirous of beginning business oa his own aooonnt 
as a meclianical engineer. He was encouraged to do this 
by tlie Duke of Northumberhind, who, being a great lover 
of mcclmnics and himself a capital turner, used ofUso to 
visit ^Nlaudslay's, and thus became acquainted with Clem- 
ent, whose exi)ei'tncss as a draughtsman and mechanic he 
greatly admired. Being a man of frugal and sober habits^ 
always keeping his expenditure very considerably within 
his income, Clement had been enabled to accumulate 
al>out 500/., which he thought would be enough for his 
])ur{)U8e ; and ho accordingly proceeded, in 1817, to take 
a Hinall workshop in Prospect Place, Newington Butts, 
whore he begiui business as a mechanical draughtsman 
and manufacturer of small macliinery, requiring firstrdass 
workmanship. 

From the time when he took his first gratuitous les- 
sons in drawing from Peter Nicholson, at Glasgow, in 
1807, he had been steadily improving in this art, — the 
knowledge of which is indispensable to whoever aspires 
to eminence as a meclianical engineer, —-until, by general 
consent, Clement was confessed to stand unrivalled as a 
draughtsman. Some of the very best drawings contained 
in the Transactions of the Society of Arts, from the year 
1817 downwards, — especially those requiring the delin- 
eation of any unusually elaborate piece of machinery, — 
proceeded from the hand of Clement. In some of these, 
lie reached a degi*ee of truth in mechanical perspective 
which has never been surpassed.* To facilitate, his la- 

• See more particularly The TrangactUms of the Society for the En- 
eourayemerU of Arts, Vol. XXXIII. (1817), at pp. 74, 167, 160, 17^ 208 
(an admirable drawing of Mr. James Allen's Theodolite); VoL XXX VI 
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I, be inTCutcd an extremely 

whicli elllpBea of all jiroporll 
wnd riglil linee, might be geometi-iciillj drawu 
n I'apper. lie look liis idea 
fttbe tmmmel used by carpenlere for drawing imperfect 
Efillipses ; and wlien he liad succeeded tti uvotding the 
Kcroseing of the poiDis, he proceeded to invent the straights 
E]Qne motion. For this inventioD the Society of Arts 
^awarded liim their gold medul in 1818. Some yeai-s 
later, he submitted to the same Society hie invention of 
mu eianil for drawings of large eize. He hud expeiienced 
KcoDsideraMe difliculty in making such drawings and with 
Khie accustomed readiness to overeome obBlacles, he forth- 
ptrith set to work and bt'ouglit out his new drawing-table. 
with many other origrnal-mlndcd mtiehanics, inven- 
tion become a habit with liim, and by study and labor lie 
rarely failed in attaining the object wliich he had bent his 
xoind upon accomplishiDg. Indeed, nothing pleased him 
better than to have what he called " u tough job " ; aa it 
stimulated his inventive faeidty, in the eiiereise of wliieb* 
be took the higliest pleasure, llence mechanical echemen 

■ of oil kinds were accustomed to resort to Clement for help 

■ when they had found an idea which they desired to em- 
Kbody ia a mai'hine. If thei'e was any value in their idea, 
Inone could be more ready than he to recognize ila merit, 

d to work it into shape ; but if woilliless, he spoke out 
Ejus mind at once, dissuading the projecler from wa£ling 
E upon it further labor or expense. 

f WW), JV- IS. ] 7a (M (crio! D 
a lll»Bntion of an InBIni 

Cil. conuiLiiing an illu^i 
fiir large (irawin(!ii Vi 
10 illu4tTuUaii 
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One of llie important bnniclica of practical mechanid 
to wliich Clement continued llirough life to Jevole hiiS 

\', was thp improvement of self-afling rools, more espe- 
cially of tlie BliJc-hilhe. lie inlroilueed larious improve- 

nts in its conBlrui-tinn and nrrangement, until in hla 

bands it became as nearly peri'ect as il was possible 1^ 

In 1818 he furnished tlie latlie with n slidc-KM 

twenty-Iwo inches long, for the purpose of ciitting Beretffll 

provided with the means of BeK^jorreciion ; onil somij^ 

ira Inter, in 1827, llic Society of Ails awarded him 
their gold This medal for his improved tuniing-lndie. 
which embodied many ingenious conliivances ouleulatc 

increase its prcdaion and aceuraev in large surfaei 
turning. 

The beautiful arrangements embodied in Mr. Clemen^ 
improved lathe can with diflieulty be deserilied ii 

; its ingenuity may be inferred fi-om a bnef Btatemeii 
of the defects which it was invented to remedy, and ^vhi<i 
it successfully overcame. When the mniidt'ill of a lathi 

,-ing a metal plate fixed to it, tums round with a u 

m motion, and tlie slide-rest which can^'es the cutter l| 

ving from the circumference of the work to the ci 
il will be obvious that the quantity of metal passing o 
the edge of the cutter at each revolution, and thei'efoiM! 
at equal inlen'als of time, is continually diminishing, ffi 
exact proportion lo the spiral line described by the cutter 
n the face of the work. Bi 
t found very inexpedient t' 
work beyond a certain quantity ; 
and the tool passes the work a 

heala, sofiens, and is ground away, the edge of the cuttCEtB 
becomes dull, and the surface of the plate is indents 

1 bumislMd, instead of being turned. Hence, loss o 



ing metal plates it 
icrease the speed of tho 
; for when this happens, 
> great a velocity, it 




ic on the part of the -norkmaa, nnd dimJDisIied worh 
the part of the tool, resiilla which, considering tlie 
^B of the one and the capital expended on tlie con- 
letion of the other, are of no small importance ; for the 
ne objects of all improvement of tools are, economy 
lime and economy of ciipital, — to minimize labor uiid 
St, and masimize result 

The defect to which we have referred was almost the 
fly remaining imperforlion in the lathe, ami Mr. Clement 
it by making tlie macliine self-regulating ; so 
at, whatever might be t!ie situation of the cutter, equal 
amities of metal sljould pass over it in equiil times,— 
te speed at the centre not exceeding that suited to tlie 
ork at the circumferein'e, — while the workman was 
ibled to convert the varying mte of the mandrill into 
iniform one whenever be chose. Thus the expedients 
wheels, riggers, and drums, of different diameters, hy 
it had been endeavored to alter the speed of the 
ihe-mandrill, according to the Imi'dness of the meial anil 
IB diameter of the thing to be turned, were effectually 
Kposeil of. These, though answering very well where 
Knders of equal diameter had to be bored, and a uni- 
•m motion was all that waa required, were found xfiry 
ifficient where a plane surface had to he turned ; nnd 
waa in such cases lliat Mr. Clement's lathe waa found 
valuable. By its means surfaces of unrivalled correct- 
IB vere produced, and the elidc-Inthe, so improved, be- 
no recognized tmd adopted as the itiotit accurate and 
[tCllsivety ap]))icab!e of all machine-toolB. 
The year after fllr. Clement brought out hia improved 
riiing-lathe, he added to it his eelf-adjusling double driv- 
I Benlre-chuch, for which the Society of Arts nwnrded 
their ^ver medal in 182S. In introdtidng ihia m- 
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vention to the notice of the Societj, Mr. Geincnt said: 
'* Although 1 linve been in the habit of turning and mak- 
ing turning-lathes and other machinery for upwards of 
thii'ty-five ycurs, and have examined the best turning-' 
Intlies in the principal manufactories throughout Gieat 
Britain, I find it universally regretted by all practical 
men that they cannot turn anything perfectly true be- 
tween the centres of tlie lathe." It was found by experi- 
ence that there was a degree of eccentricity, and conse- 
quently of imperfection, in the figure of any long cylinder 
tunicd while suspended between the centres of the lathe, 
and made to revolve by the action of a single driver. 
Under such circumstances the pressure of the tool tended 
to furce the work out of the right line and to distribute 
the strain between the driver and the adjacent centre, so 
that one end of the cylinder became eccentric with respect 
to the other. By Mr. Clement's invention of the two- 
armed driver, whicli was self-adjusting, the strmn was 
taken from the centre and divided between the two arms, 
which being equidistant from the centre, effectually cor- 
rected all eccentricity in the work. This invention was 
found of great importance in insuring the true turning 
of large machinery, which before had been found a matter 
of considerable difficulty. 

In the same year (1828) Mr. Clement began the mak- 
ing of fluted taps and dies, and he established a mechani- 
cal practice with reference to the pitch of the screw, which 
proved of the greatest importance in the economics of 
manufacture. Before liis time, each mechanical engineer 
adopted a thread of his own; so that when a piece of 
Avork came under repair, the screw-hob had usually to be 
drilled out, and a new thread was introduced according to 
the usage which prevailed in the shop in which the work 
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B e^Bcuted. Mr. Clement saw a great waste oF labor J 

n tluB practice, and he pramnlgatciil ilie idea lliat evfry J 

rev of a pellicular length ought to be lurniahed witaJ 

S appointed nufflUer of ihreaile of n seltled pitdi. Tnk-I 

ing the inch ns the basis of lijs calculations, be determined^ 

e number of threads in each case ; and the practice tbua 
initiated by bim, recommended as it waa bj convenience 
ind economy, n-aa verj shortly adopted throughout tlie 
It may be mentioned that one of Clement's ablesl . 
I Jorameynien, Mr. Whitworlh, hnF, since hia time, been J 
mainly instrumental in establishing the settled practice^ I 
md Whitworth's thread (iiiitiated by Clement) has be- I 

: recognized throughout the mecluuiieai world. To 

any out his idea, Clement invented his Bcieiv-cngino 

lathe, with gearing, mandrill, and sliding-tahle whoel- 

Vork, by means of which he first cut the inside eci-ew' 

I from the left-handed hobs, — the pevcrse mode 

; before been adopted, — while in shnping-ma- 

he was the first to use the revolving-cutter 

Mtached to tlio slide-rest Then, in 1828, he fluted the 

I for the first time with a revolving-cutter, — otlier 

■tera having up to that time only notched them. 

mg his other inventions in screws may be men- 

]ned his headless tup, wluch, according to Mr. Nos- 

nyih, is BO valuable an invention that, *' if he had dons j 

Dthing else, it ought to immortalize him among meelmn-l 

It passed right through tJie bole I0 he tapped, audi 

IB thus enabled to do the duty of three ordinary screws," 

{By these improvements much greater precision w 

nted in the manulacture of tools and machinery, 1 

id by a greatly reduced cost of production ; the results. J 
t which are felt to this day. 
Another of Mr. Clement's ingenious inventions 1 
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his planing-machine, bj means of whi^b mettJ plates 
of large dimensions were planed with perfect troth and 
finished with beautiful accuracy. There is, perhaps^ 
scarcely a machine about which there has been more 
controversy than this ; and we do not pretend to be 
able to determine the respective merits of the many 
able mechanics who have had a hand in its invention. 
It is exceedingly probable that others besides Clement 
worked out the j)roblem in their own way, by indei>endent 
methods ; and this is confirmed by the circumstance that 
though the results achieved by the respective inventors 
were the same, the methods employed by them were in 
many respects different As regards Clement, we find 
tliat previous to the year 1820 he had a machine m 
reguhir use for i)laning the triangular bars of lathes and 
the sides of weaving-looms. This instrument was found 
so useful and so economiciil in its working, tliat Clement 
proceeded to elaborate a planing-machine of a more com- 
plete kind, which he finished and set to work in the year 
1825. He prepared no model of it, but made it direct 
from the working drawings ; and it was so nicely con- 
structed, that when put together it went without a hitch, 
and has continued steadily working for more than thirty 
years, down to tlic present day. 

Clement took out no patent for his invention, relying 
for protection mainly on his own and his workmen's skill 
in using it. We therefore find no specification of his 
machine at the Patent-Office, as in the case of most 
other capital inventions ; but a very complete account 
of it is to be found in the Transactions of the Society 
of Arts for 1832, as described by Mr. Varley. The prac- 
tical value of the planing-machine induced the Society 
to apply to Mr. Clemont for liberty to publish a full 
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Aescviption of it ; and Mr. Varley's paper was the re- 
Bulv.* It may be briefly stated that this engineer's 
plane diflbrs greatly from the carpenter's ])lane, the 
cutter of which is only allowed to project so far as to 
admit of a tliin shaving to be sliced off, — the i)lane 
working flat in proportion to the width of the tocl, and 
its length and straightness preventing the cutter from 
descending into any hollows in the wood. The engineer's 
plane more resembles the turning-lathe, of wliich indeed 
it is but a modification, working upon the same principle, 
on flat surfaces. The tools or cutters in Clement's ma- 
cliine were similar to those used in the hithe, varying in 
like manner, but performing their work in right lines, — 
the tool being stationary and the work moving under it, 
the tool only travelling when making lateral cuts. To 
save time two cutters were mounted, one to cut the 
work while going, the other while returning, both being 
80 arranged and held as to be j^resented to the work in 
the firmest manner, and with the least j)ossible friction^ 
The bed of the machine, on which the work was laid, 
passed under the cutters on peifectly true rollers or 
wheels, lodged and held in tlieir bearin;:;s as accurately 
as the best mandrill could be, and having set-screws 
acting against their ends, totally preventing all end- 
motion. The machine was bedded on a massive and 
solid foundation of masonry, in heavy blocks, the support 
at all points being so complete as effectually to destroy 
all tendency to vibration, with the object of securing full, 
round, and quiet cuts. The rollers on which the planing- 
machine travelled were so true, that Clement himself 
used to say of them, " If you were to put but a paper 

* TVoiifacfumf of ikt kiociety for the Encouragement qf Arte, Vol. i 

XLIX p. 167. I 
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same board, strewn over with sand, was used for teaching 
the rudiments of writing and the principles of geometrj. 
11 ic Romans subsequently adopted the Abacus, dividing 
it by means of perpendicular lines or bars, and from thp 
designali.)n of calculus which they gave to each pebble 
or counter employed on the board, we have derived our 
English word to calculate. The same instrument con- 
tinued to be employed during the Middle Ages, and the 
table used by the English Court of Exchequer was but 
a modified foim of the Greek Abacus, the chequered 
lines across it giving the designation to the Court, which 
still survives. Tallies, from the French word taiUer^ to 
cut, were another of the mechanical methods employed 
to record (•omi)ulati()ns, though in a very rude way. Step 
by step improvements were made ; the most impoitant 
being that invented by Napier of Merchiston, the in- 
ventor of logarithms, commonly called Napier^s bones^ 
consisting of a number of rods divided into ten equal 
squares, and numbered, so that the whole, when placed 
togetlier, formed the common multiplication table. By 
these means various operations in multiplication and di- 
vision were perfoi-med. Sir Samuel Morland, Gunter, 
and Lamb introduced other contrivances, applicable to 
trigonometry ; Gunter's scale being still in common use. 
The calculating machines of Gersten and Pascal were 
of a different kind, working out arithmetical calculations 
by means of trains of wheels and other aiTangements ; 
and that contrived by Lord Stanhope for the purpose of 
verifying his calculations with respect to the National 
Debt was of like character. But none of these will bear, 
for a moment, to be compared with the machine designed 
by Mr. Babbage for performing arithmetical calculations 
and mathematical analyses, as well as for recording thA 
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MictiUtions when made, thereby getting rid entirely 
individual error in the operations of calculation, 
Krlption, and printing. 

The French government, in their desire to promote 
extension of the dedmnl system, bad ordered the 
stniction of logiiritbmical titblcs of vast extent ; but thi 
great labor nnd ex])en8e involved in tlie undertalting pre- 
■vented the design from being parried out. It was re- 
served for Ml-. Babbnge to develo[) tlie idea, by 
of a maehiae wliich he called the DitTerenee Enj 
ThN machine is of bo complicated a cliaracter that 
would be impossible for us to give any intelligible 
' Bcription of it in worrLf. Although Dr. Lai'dner 
"unrivalled in the art of desoribing meclianism, lie t 
ped twenty-five pages of the " Edinburgh Review " (Vi 
Sd) in endeavoring to describe its actioD, and there were 
■eteral ieatui-es in it which be ga\'e np as hopeless. Some 
|nrts of the apparatus and modes of action are indeed 
■ixtraordinarj-, — and perhaps none more so than that 
Ensuring accuracy in the calculated results, — the 
chine actually correcting itself, and rubbing itself 
into accuracy, when Uie disposition to err occurs, by 
■friction of the adjacent macliinery ! When an error 
'made, the wheels become locked and refuse to 
thus the machine must go rightly or not at all, — 
langement as nearly resembling volition as anythii 
brass and stee! are likely to nceomplish. 

Tills intricate subject was taken up by Mr. Babbage iti 
1821, when he undertook to superintend for the Brilisb 
government the construction of a machine for calculating 
Qad printing matliematical and astronomical tables. Tba 
'iBodel first constructed to illustrate the nature of his 
produced figures at the rate of forty-four a 



] 
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In 1823 tlio Royal Societj was requested to lepoit npoD 
the ill vent ion, and after full inquiry the eommittee reoom- 
incMifled it as one }ii;^hly deserving of public encoiuage- 
mrnt A sum of 1,500/. was then placed at Mr. Bab- 
bai;;(**8 disposal by the Lords of the Treasaiy for tfao 
pur)M)se of enabling him to perfect his invention. It 
was at this time that he engaged Mr. Oement as 
drau<;htsman and mechanic to embodj his ideas in a 
working mac*hine. Numerous tools were expressly con- 
triviul by the latter for executing the several parts, and 
workmen were sixicially educated for the purpose of nse- 
ing them. Sonm idea of the elaborate character of the 
dniwingtf may be formed fn)m the fact that those required 
for the rakndating machinery alone — not to mention the 
jirinting macliinery, which was almost equally elaborate 
— covered not less than four hundred square feet of 
Hurfai'e ! The cost of executing the calculating-machine 
wits of course very great, and the progress of the work 
W}is n(;cess:u*ily slow. The consequence was that the 
government ih'st became impatient, and thdn began to 
grumble at thii expense. At the end of seven years the 
engineer's bills alone were found to amount to nearly 
7,-i()0/,, and .Mr. Habbage's costs out of pocket to 7,000/. 
more. In order to make more satisfactory progress, it 
W!is detennined to remove the works to the neighborhood 
of Mr. Babbage*s own residence ; but as Clement's claims 
/'or conducting the o]K'rations in the new premises were 
chought exorbitant, and as he himself considered that the 
work did not yield him the average profit of ordinary 
employment in his own trade, he eventually withdrew 
from the enterprise, t:dving with him the tools which 
he had constructed for executing the machine. The gov- 
ernmeul also shortly ailer withdrew from it, and from 
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t time the scheme was auspended, -Ihe calculutiog en- 
)<; a. benutifiil but unfinislieil fragment of ■ 

t wcrit. Though originally intended lo go as Atr na 
mty figures, it was onlj completed to the extent of 

If enpnblo of calculating to the depth of live figures, 

I two orders of differences ; and only a small part of 
t proposed printing machinery was ever made. The 

Vtts placed in the museum of King's College IQ 

ncloeed in a glass cose, itntll tlie year 1862, when 

enioveil forn. time to the Great Eshihition, where 

B ibnned perhaps the most remai'kahle and beautifully 

teonted piece of mechanism, — the combined result of 

^ectual Ded mechanical contriv'ance, — in the entire 

lection." 

\ Clement was on rarious other occasions invited to un- 

evotk requiring extra still, wliich otlier mechanics 

implcts account oT tbo calcnlalin? nmchine, ns well as of an 

h^tlcHl engine iiIVsriTiirilt conirivea by .Mr. Babbnge.of iiIILl grcftttr 

" .n ttie oilier, will be fuund in llie niblMhint aaictrvlU it 

I^Of KMch ft iraiialKlinn Into English, with CDpinDa origimil naif, 

»t UM Lailf LoTaince, dangbter of L<ird D.\Ton, wh publubed ia 

""lylor'g Seienlific -tfonioiri { London, IMS). A blMory 

II macbiiie, iinJ <>r ths clrcumHtiinces connooted witb Itt flonntruO' 
),wmiiUo be round in Weld-9 llitlors o/Iha Unyil Sattitg. Vol. IT. 

b'HIr It reiMint lo be luldad, ibat tbe perusal liy Meain. Schenn 
{iiMckllolm ot Dr. Lnrdner't necoanl of ilr. Diibbnge's enginB in the 
w leil ihnse clever nieclmnica to enrer npon Ibe icbBina 
VMDMruetinE imd Fompleling it, nnd the resnit iit, tbut Iheir mnchina 
M.4Hiljr cnlcuhilei tbe tiibim, bnt priiilB lbs reinlu. It took Ibem 
m^J («Bnt7 years to porrect il, but wben oampieted tbe miicliiiie 
[mal lo be nlmost cnpoble uf tbinbiiis;. Tlie origiiml WH> exhibited 
m Pnrfo Exliibition of IMH. A a"p>- or it buii lincD been secured 
Htfw Knglith f^veniment at ■ cost of l^OOL. and It Is now bneily em- 
rsBt House in working out annuity ond otlwr Inbles 
t'Uia aagl.trar-Oencra!. Tlie copy was cojiMlruct 
Imlnlble iioprovflinenls, by the Messrs. iJoiiliin, 

loeuTS, after tbe working dinwings of (be Ueun. 
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wt':x^ uinTilling or unable to execute. He was thus al« 
wavs full of oinplovment, never being under the ne- 
ivs^itv of oauv:v<5ini; for customers. He was almost 
ivnstantly in his workshop, in which he took great 
pri.io. His dwolliii!T was over the ofRce in the yard, and 
it WHS with ditVtoultv ho iHiuId be induced to leaye the 
pnMuisos. iV Olio ix\»:\sion Mr. Brunei, of the Great 
Wostorn Kail way, ostilod uix>n him to ask if he could 
siupply hitn with a siijH'rior steam-whistle for his loco- 
mot ivos, tho wliisiK'5 wliioli they were using giving forth 
vory litilo sound. Clement examined the specimee 
biviiiiht by Unnul, and pronounced it to be ^mere tal- 
low-v'iuuuUorV work." He undertook to supply a proper 
artiolo, a It 1 1 atlor his usual f:\shion he proceeded to con- 
trive a inaohino or tiX>I for the express purpose of making 
8toam-whis(Ios. They were made and supplied, and 
when niouDtOil o:i tho Unxmiotive the effect was indeed 
•* soroainiiiir." Thoy won* heaixl miles off, and Brunei, 
doIi«:htod, onlon^i a liuiidrod. But when the bill came 
in. it was found that the ohargc made for them was very 
hitjh, — as much as 40/. the set. The company demurred 
at the priiH?. — Bninol doolariufl: it to be six times more 
tlian tho prioe thoy luul Wfore been paying. ^ That may 
be," n.\ioineil ChMuont, " but mine are more than six 
times l)etter. You onlered a first-rate article, and you 
must be content to pay for it" The matter was referred 
to an arbitrator, who awarded the full sum claimed. Mr. 
AVeld mentions a similar case of an order which Clement 
received from America to make a large screw of given 
dimensions ** in tlie best possible manner," and he accord- 
ingly proceeded to made one with the greatest mathemati- 
cal accuracy. But his bill amounted to some hundreds 
of pounds, which completely staggered the American 
who did not aUculate on having to pay more than 20L 




.TOSFJIl CLEUEST, 

3 utmost for tlm screw. The matter was, however, 

i to arbitrators, who gave their decisioD, aa in the 

■r of the mechanic.* 

I of the Inst works which Clejnent executed as a 

r of pleaaurc was the building of an organ for Lis 

It will be ramembercd that when working as 

ir at Great A^hby, he lind made flutes and clarinctB, 

w in his old age he determined to try his skill at 

I an or;^a,n, — in hia opinion the king of musical in- 

dts. The building of it became hia hobby, and his 

t delight was in superintending its progress. It 

n about two thonaand pounds in labor alone, but he 

t finish it. and we have beeu informed that it was 

a very exctUeiit InstrumenL 

vaa a heavy-browed man, without any polish 

Utnneror Bpoech ; for to ihe last he contiimed to use 

g Westmoreland dialect. He was not educated 

iry sense ; for he read but little, and could write 

It difficulty. He was emir.ently a mechanic, and bad 

ned his ejcquisitc skill liy observation, experience, 

His head wil^ n complete repertory of 

whii'h he was constantly drawing for the 

if mechanical practice. Though he had 

e dian thirty workmen in his faclorj', they were 

f the firat class ; and (be example which Clement set 

V-them of extreme earefulnpss and accuracy in eice- 

OTtnidered his shop one of the best schoolsof its time 

s training of thoroughly accomplished mechanics. 

JiiCtoment died in lB+4. in his sixty-fifth j-ear: iifter 

ll bis works were carriud on by Sir. Wilkinson, one 

1 his pluming -machine still contiuuea 
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CHAPTER XIV. 
Fox OF Derby. — Murray of Leeds. — Roberts 

AND WUITWOBTH OF MaNCUESTEB. 

** Founlera and senatora of itatea and dtlet, lawglren, e AUip e i a of tjnoCi, 
fathers of the people, and other eminent persons in civil gOTemmeofc, wiere Immh 
ored hat with titles of Worthies or deml-gods ; whereas, sadi as were Inventon 
and autliors of new arts, endowments, and oommoditiea toward! nuuaH UAe, wvrt 
ever consecrated amongst the gods themselves.*' — Bacxmi, Advtuus9m§iU i^ 
Learnirnj, 

AYiiiLE such were the advances made in the arts of 
tool-making and engine-construction through the labors 
of Bramah, ISIaudslay, and Clement, there were other 
mechanics of almost equal eminence who flourished about 
the same time and subsequently in several of the northern 
manufacturing towns. Among these may be mentioned 
James Fox of Derby ; Matthew Murray and Peter Fair- 
baim of Leeds ; Richard Roberts, Joseph Whitworth, 
James Nasmyth, and AVilliam Fairbaim of Manchester ; 
to all of whom the manufacturing industry of Great 
Britain stands in the highest degree indebted. 

James Fox, the founder of the Derby firm of mechan- 
ical engineers, was originally a butler in the service of tho 
Ri?v. Thomas Gisbome, of Foxhall Lodge, Staffordshire. 
Though a situation of this kind might not seem by any 
means favorable for the display of mechiinical ability, 
/ct the butler's instinct for handicraft was so strong that 
it could not be repressed ; and his master not only en- 

oicouraged him in the handling of tools in his leisure hours, 

who 



n admiratiou of his Ktill, aa well a 
a of cliaracler, that Le eveniuall/ 1 
i of begiiini 



; business on I 



t had so geniiini 
1 excellent quali 

1 liini w!tli ihe 

9 own account. 

I The growth and extension of the cotton, silk, and lace 

le neigbborliood of Derby, furnished Fox with 

ideot opportunitici) for the exercise of bis mechanical 

; and he soon found amiile scojie for ils empIoymenL 

■ia lace machinery became celebrated, and he sii])|ilied it 

Irgtdy to the neighboring town of Nottingham ; he also 

Uiaed considerable employment fj'nm the great Qims of 

Irkwrightand Strutt, — the I'uundci's of the modem cotton 

tnnfiictnre. I^Ir. Fox aUo became celebrated for his 

it which were of excellent quality, still maintaining 

S&i high repulatioQ ; and besides making lai-guly for the 

papply of the home demand, he ex|)orted much machinery 

Aroad, to Fmnce, Russia, and the Mauritius. 

I The present Messrs. Fox of Derby, who contintie to 

a liie business of the tinn, claim for their grand- 

ts founder, that he made the first planing-roachine, 

k 1614,' and they add that llic original article continued 

1^ use until quite recently. IVe have been furnished by 

JU«1 Hall, formerly a workman at tlie Messra. Fox's, 

ntli the fallowing description of tlie machine : — "It was 

B6ndttlly the same in principle as the planing'macbine 

r in general use, although ditfejing in detail. It had 

||Mlf-«Gting ratcliet motion lor moving the slides of a 

mpound slide-rest, and n scif-acling reversing tackle, 

Meisling of ihiee bevel wheels, one a stud, one loose on 

S driving stiult, and another on a socket, with a ploioD 

p tile opposite end of tlie driring-sha^ running i 

The other end was tlie ]>lace for the driviug- 
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piilloy. A dntch-box was placed between the two oppO' 
Rite wheels, which was made to slide on a feather, bo Aat 
by Tneans of another shall containing lerers and a tam- 
1)11 i);r i)all, the box on reversing was carried from one 
bovol-wliool to the opposite one." The same James Fox 
is also snid at a vciy early period to have invented a 
Ton* w-<*iit ting machine, an engine for accnratelj dividing 
nnd cuttintr the teeth of wheels, and a self-acting lathe. 
r>ut the evidence as to the dates at which these aevend 
inventions arc said to have been made is so conflicting 
tliat it is impossible to decide with whom the merit of mak- 
ing them really rests. The same idea is found floating at 
the same time in many minds, the like necessity pressing 
upon all, and tlie process of invention takes place in like 
manner : lience the contemporaneousness of so many in- 
ventions, and the disputes that arise respecting them, as 
deserihed in a ])rcvious chapter. 

There arc still other claimants for the merit of having 
invented the planing-machine ; among whom maybemen- 
tiiMied mon^ particularly Matthew Murray of Leeds, and 
Riehard Roberts of Manchester. We are informed by 
TVlr. IMareh, the ])rescnt mayor of Leeds, head of the cele- 
brated tool-manufacturing firm of that town, that when 
he fn-st went to work at Matthew Murray's, in 1814, a 
planing-maehine of his invention was used to plane the 
circular part or back of the D valve, which he had by that 
time introduced in tlie steam-engine. Mr. March says, 
"1 recollect it very distinctly, and even the sort of fram- 
ing on which it stood. The machine was not patented, 
and like many inventions in those days, it was kept as 
much a secret as possible, being locked up in a small room 
by itself, to which the ordinary -workmen could not obtain 
access. The year in which I remember it being in use 



^BB| 80 far as I am aware, long before any planing^ ] 
^Kchine of a similar kind liad been inrcnted." 
^KUsttliew JIurray w.is born at Stock ton-on-TeeS' in Iho | 
^■HT 1763. His pni'eiits were of tbe working clnss, and. 
^■Btthew, like the oUier membere of the family, wa* 
^■OUght u|i with Ihe ordinBry career of labor befoi-e bint, 
^■hen of due age his father apprenticed him to the truda 
^B a blocksmitli, in which lie very eooti acquired consid- 
^■^le expertness. lie married before bis term had ok- 
^Bred ; after which, trade being slack at Stockton, he 
^■ind it necessary to look for work elsewhere. Leaving 
Hjl wife behind bim. he set out for Leeds with hia bundle 
^p hb back, and nfter a long journey on foot, he reached 
^■Bt town with not cnougb money left In his pocket lo< 
^■^ for a bed nt (be Bay Horse inn, where be pnt up. 
^nt telling the landlord that he expected work at Mar- 
HUU'e, and seeniing to be a respectable young man, the 
Hndlord trusted liim ; and he was so fortunate as to ob- 
^B|n the job which he poogbt at Sir. Marsliall'H, who was- 
^^bn bej^nning the manufacture of flax, for which the firm 
^Bb since become so famous. 

^|jUr. IJIiirsball was at that time engnp;«tl In improving 
^BB method of manufacture,* and the 3^ung blacksmith 

^D> We «ra InrormM In Mr. LonEBtnHe's Ananlt nod Chimrtenillei 
^BahrKngbiti Ihnt the ppinnin|t oF flnx hj mnchinery vns <\nit be^n 
^BoM John KBDilrflir.ia inicenlaiit 8eir-tnn<^l niHhiniiiorilHtCawn, | 
^HtDlnTented a maplilne Tor the purpose, for wbfcli he took out a pntent 
^^HTBT. Mr. Mnnhnlt went over frem Lceda to ve his imn^Inei nnd' 
^BmiI to ffve bim to n.nch per «p<n')]e tor the ri|iht tu uh ri. Rut 
^^■•tnE to pny the pntent ricitt, Keiidrevr commenced nii nction ncnlnoK 
Hk fhr a nun of nine hundreit pounds, ulleeed 10 b« itne lUidec the 
^Bravnieat. The ctnim WM diipulcd. nnd Knndrew lost hfii actlaii; 
iM » [■ Bclded in Loiiplaffe'i Annals, Ihnt btsi. hwl he eiujcwdetl. I( 
WoiilO hnve l>esn of no an: for Mr. llnrBhall doclnrwl thnt he hni) nol 

le money irhenwltli to pay him. It i> pauible that llatthsw- I 
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was so fortunate, or rather bo docterous, as to be able to 
puggeat Bcveml improvements in the machinery which 
secured the approvul of his employer, \rho made him a 
present of 20/., and very shortly promoted him to be the 
first nuM'hanic in the %vorksliop. On this stroke of good 
fortune Alurmy took a house at the neighboring village of 
DeoHton, sent to Stockton for his wife, who speedily joined 
him, and ho now felt himself fairly started in the world* 
Ho remained with Air. Marshall for about twelve years, 
during which he introduced numerous improvements in 
the machinery for spinning flax, and obtained the repnta- 
tion of being a flrst-nite mechanic This induced Mr. 
James Fenton and Mr. David Wood to offer to join him 
in the establishment of an engineering and machine-mak- 
ing factory at Leeds, which ho agreed to, and operations 
were commenced at llolbeck in the year 1795. 

As Mr. Murniy had obtained considerable practical 
knowledge of the steam-engine while working at Mr. 
^larshairs, he took principal charge of the engine-build- 
ing dejmrtment, while his partner Wood directed the 
macljine-making. In the branch of engine-building 
Mr. Murray very shortly established a high reputation, 
treading close ujx)n the heels of Boulton and Watt, — 
so close, indeed, that that finn became very jealous of him, 
and {)urchased a largo ])iece of ground close to his works 
with the object of preventing their extension.* His ad- 

Mnrray mny have obtninod nome experience of flax-machinery in 
working for Kendrew, which aflerwanls proved of use to him in BIr. 
MiirHhftIl*8 establishment. 

* The purchane of this Inrji^ piece of f^und, known as Camp Field, 
had the effect of '* plufTfdng up ** Blatthew Murray for a time; and it 
remained disused, except for the deposit of dead dogs and other rub* 
bish, for more than half a century. It has only been enclosed during 
the present year, and now forms part of the works of Messrs. Smith, 
Bsacook, and Tannet, the eminent tool-makers. 



Eona to tho sleam-engine were of great practical value, 
) of whicli, Ibe self-acting nppamtus altached ^ 
r for the purpose of regulating tlie intensity of fire 
' it, and conseiiueiitlj* the production of steam, is 
pi in general use, Tliis ivas invented by Uini as early 

1 1739. He also sobaequenily invented the D slide- 

Enilce, or at least greatly improved it, while he added to 
G power of the air-pump, and gave a new arrangement 
o tliG other parts, with a view to the simplifi cation of the 
iwora of the engine. To make the D valve work cffi- 
^enfly it was found necessary to form two perfectly plane 
I, to produce which lie invented his planing-ma- 
done. He was also the Rrst to adopt the pi'actice of 
ing the piston in a horizontal position in the common 
tdenKing engine. Among hia other mndilications in 
« steam-engine, was his improvement of the locomotive 
ivented by Ti-evithick ; and it ought to be remcni- 
red to lib honor tliat ho made the first locomotive that 
regularly worked upon any railway. This was llio en- 
gine erected by him for Blenkinsop, to work the Middle- 
ton colliery railway near Leeds, on which it began to run 
1 1812, and continued iu regular use for many years, 
e he introduced the double cylinder, — 
ine being provided with only one cylinder, 
B defects of which were supplemented by the addition 
)f a fly-wheel to carry the crank over tlie dead [minta 
But Matthew Murray's most imfiorlant inventions, 
le]"Dd in their effects on manufacturing industry, ' 
I connected with the machinery for heckling 
inning flux, which he very gn-ally improved. 
ikXing machine obtained for liim the prize of the gold 
1 of the Society of Arts : and this, na well t 

• wet llax-spinning by means of sponge 



1 
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weights, proved of the greatest practical value. At the 
time when these inventions were made, the flax trade 
was on the point of expiring, the spinners being nnablo 
to produce yarn to a profit ; Aid their almost immediate 
effect was to reduce the cost of production,, to improve 
immensely the quality of the manufacture, and to estab- 
lish the Bi-itish linen trade on a solid foundation. The 
production of flnx-mnclunery became an important bnuich 
of manufacture at Leeds, lai^ quantities being made for 
use at home as well as for exportation, giving emplojmept 
to an increasing number of highly skilled mechanies.*' 
Mr. Murray's faculty for organizing work, perfected by 
experience, enabled him also to introduce many valuable 
improvements in the mechanics of manufacturing. His 
pre-eminent skill in mill-gearing became generally ac* 
knowledged, and the effects of his labors are felt to this 
day in tlie extensive and still thriving branches of indus- 
try wliich his ingenuity and ability mainly contributed to 
establish. All the machine-tools used in his establish- 
ment were designed by himself, and he was most careful 
in the personal superintendence of all the details of their 
construction. Mr. Murray died at Leeds, in 182 G, in hia 
sixty-third year. 

We have not yet exhausted the list of claimants to the 
invention of the planing-machinc, for we find still an- 
other in the person of Richard Roberts of Manchester, 
one of the most prolific of modern inventors. Mr. Rob- 
cits has, indeed, achieved so many undisputed inventions, 
that he can readily afford to divide the honor in this case 

* Among more recent improvers of flax-machinery, the late Sir 
Peter Fairbairn is entitled to high merit : tlie work turned out by 
him being of flrst-rate excellence, embodying numerouB inveDtioui 
and improvements of great value and importance. 




^^g BICHAGD KOBERTS OF HA^'CIIBSTER. 

«^lh othets. He hae contrived tbir 
^^If-acting mule and tlic best eleetro-magnet, wet gas- 
^Vietera and dry plan ing-macl lines, iroa billiard-tablus and 
t-UTTet-cIooksi, tlie centrifugai railway and the drill sloU 
IJog- machine, an apparatus for rowing cigars and ma- 
dsUinery Tor the propulsion and equipment of ateamshigia ;. 
^O tliat lie may almost be regarded as the AdmLrublfr 
^>ichton of modern mechanics. 

Bichard Kuberia was born in 1780, at Carreghov 
"ttie parish of Llanjmynech. Ilia father was by trade a 
dnemaker, to wUicli he occasionally added the occiipalioii 
^)f toll-keeper. The house in which Richard wiia boru 
elood upon the border line which then divided the couu- 
^ies of Salop and Montgomery ; the front door opening in 
the one county, and the back door in the otlier. Kichai'd, 
~wheD a boy. received next to no educaXion, and as soon as. 
lio was of fitting age wa^ put to common Liboring work. 
For some time he worked in a quai'ry near his father's 
dwelling ; but being of an ingenious turn, he occupied hh 
Insure in making various ai'ticlcs of mechaniam, pacily 
far amusement and partly for prufit.. One of hia first 
actiievomenta, while working as a, quarryman, was a spiu- 
niog-wheel, of which he was very proud, for it was c 
_Bidicred " a good job," Thus he gradually acquired dex- 
i handling tools, and he sliortly came tu enl*rttuB 
ibidon of becoming a mechaaic. 

i were aeveral iron^works in the neigiiboi'liood, 
hither he went in search of emjiloyment. He suc- 
Bdod in finding work as a patteni-nuiker at Bradley, 
near llilston, under John Wilkinson, the fiimoua iron- 
1 of great enterprise as well )>s meclmni- 
)fciU; for lie was the lirst man, as already Btate<U lliat 
t amid find capable of boru'g a cylinder with oiiy 
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approach to truth, for the purposes of his steam-en^nek 
Afler acquiring some practical knowledge of the art of 
working in wood as well as iron, Roberts proceeded toi 
Birmingham, where he passed through different shops^ 
gaining further experience in mechanical practice. Ha 
tried his hand at many kinds of work, and acquired con- 
siderable dexterity in each. He was regarded as a sort 
of jack-of-all-trades ; for he was a good turner, a tolerar 
ble wheelwright, and could repair mill-work at a pinch. 

He next moved northward to the Horsley iron-works, 
Tipton, where he was working as a pattern-maker when 
he had the misfortune to be dravm in his own county for 
the militia. He immediately left his work and made his 
way homeward to Llanymynech, determined not to be a 
soldier or even a militiaman. But home was not the 
place for him to rest in, and after bidding a hasty adieu 
to his father, he crossed the country northward on foot 
and reached Liverpool, in the hope of finding work there. 
Failing in that, he set out for Manchester, and reached it 
at dusk, very weary and veiy miry, in consequence of the 
road being in such a wretched state of mud and ruts. He 
relates that, not knowing a person in the town, he went 
up to an apple-stall ostensibly to buy a pennyworth of 
apples, but really to ask the stall-keeper if he knew of 
any person in want of a hand. Was there any turner in 
the neighborhood ? Yes, round the corner. Thither he 
went at once, found the wood-turner in, and was promised 
a job on the following morning. He remained with the 
turner for only a short time, after which he found a job 
in Salford, at lathe and tool-making. But hearing that 
the militia warrant-officers were still searching for him, he 
became uneasy and determined to take refuge in London. 

He trudged all the way on foot to that great hiding* 



EJCHAED ItOCERlS OF MANCHESTER. 

i, And first ti'iod HnltzapSel's, the famous tool-miiker'i 
ing in his ap|>lic!ition he next went to MaudBlay*! 
d eucceudcd in gelling employment. He worked thei 
le, ncqiiiring much vnlunhle [iraclifal know! 

use of took, cuUiviiting his skill by 

ass workmen, and benefiling hj the spirit of i 

tlive conlricance which pcn'aiJeil the Slaudslay shoj 

s manaal dexterity greatly increased, and, his inventi< 

muity fully stimulated, he determined on making his 

ny bock to filanchester, which, even more than London 

t that time presented abundant oponings (or men 

f mechanical skill. Hence we find so many of the beat 

ihechanics trained at Maudalay's and Clement's, — Nas- 

nyth, Lewis, Muir, Robens, AVhitworlh, and others, — 

Aortly rising into distinction there as leading raeehani- 

s and tool-makers, 

'he mere enumeration of the various results of Mr,| 
toberts*s inventive skill during the period of his settle* 
t Itlanchester as a mechanical engineer would oc- 
lore space than we can well spare. But we may 
triefly mention a few of the more important. In 181S, 
e carrying on business on his own aeeount in DennB- 
, he invented his improved peetor fop correctly sizing 
ela in blank previously to their being cut, which is 
11 extensively used. In the same year he inveiiied his 
*-lathe ; and in the following year, at the 
{QBHt of the borougbreeve and constables of Manchca- 

e contrived an oscillating and rotating wet gaa-i 
1 new kind, which enabled (hem to sell gas by meaat*'' 

This was the first meter in which a water lule wj 

plied t/> prevent the escape of gas by the index shaf^< 

t of which, OS well as its great eomplexity, 

mted the only other gaa-meter then in existent 
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fn^m workiii;; satisfactorily. The water Into Tra* ixniiM* 
diatoly adopt imI by the patentee of that meter. The 
ptaiuii;;-maohinc. tlioii<;h claimed, as we have seen, hj 
mMny iiurntors, was ^instructed by Air. Roberts Rfter an. 
oriLriiinl plan of liis own in 1817, and became tlie tool' 
nuv^t pMionilly om])lovod in mechanical workshops,-^ 
aotintr bv moans of a chain and rock, — thoa<;h it ha» 
Hinin' Ihhmi sniHTscdiHl to some extent by the planing- 
machtno of AVliit worth, which works- both ways upon an 
ontUcss scn'w. Imjirovemonts followed in the 8lide-lath(» 
(jrivinjr a larjrc ranjro of Speed with increased diameters 
for tho same size of hcadstocks, &&), in tiie wheel-cutting 
on«xinc. in tho soalo-hoani (by which, with a load of 2 oz. 
on oaoh ond, tho fil\oon -hundredth part of a grain could 
Ihi indioatod), in tho brosiching-machine, Uie slotting-ma- 
ohino. and othor onjjinos. 

But the invontions by which his fame became most 
oxton-ivoly known arose out of circumstances, connected 
with tho ct>tton manufactures of Manchester and tho neish« 
horhood. Tho gn»at improvements which he introduced 
in tho machine for making weaver's reeds led to the 
formation of the firm of Sliarp, Roberts, & Co., of which 
Air. Roberts was the acting mechanical partner for many 
years. Not leas important were his improvements in 
power-looms for weaving fustians, which were exten- 
sively adopted. But by fhr the most fiimous of his inven- 
tions was unquestionably his self-acting mule, one of the 
most elaborate and beautiful pieces of machinery ever 
contrived. Before its invention, the working of the en- 
tire machinery of the cotton-mill, as well as the employ- 
ment of the piccers, cleaners, and other classes of opera- 
tives, depended upon the spinners, who, though receiving 
the highest rates of pay, were by much the most given to 



iKOBEBTS OF MASCttESTrO. 



33^1 



,68 i and they were frequently accustomed to turn o 
I times when trade waa brisk, ttierebj bringing tJiu wliolcl 
poratioiis of the nmnulacloriea to a standstill, and t.hiiiw* T 
(gal! llir othtr operatives' out of emiiloyment. A long-1 
Nitinued strike of this sort took place in 1824, vhcii tba I 
tea occurred to tha masters that it mii^ht be poss! 
nke the epinning-niules run out, and in at the proper fl 
leed by means of self-acting machinery, and thus reudcF 1 
leiii in some measure indep<tiident of llie more refraC4 | 
try clas» of their workmen. It seemed, however, t 
I very difficult a problem, tliat they wei^ by ao menJi& J 
Hgiiine of aucce!>3 in its solution. Some titoe ;ini^SLil I 

tbey could find any mechanic willing so mucli a^ f 
consider the subject. Mr. Aehton of Slaleybridgs 1 
ide every effort with this object, but the answer he got ' 
a uniformly the same, Tlie thing was declared to be 
ipracticable and impossible. Itlr. Ashton, accompanied 
two Otllor leading spinners, called on Shairp, Roberta, 
Co., to seek an interview with Mr. Itol)crts. They 
luced the subject to him, but he would scart'ely hslen 
their explanations, tutting tbem ahoit with the remark J 
at be knew nothing whatever altout cotton-spin nin^ 
liey insisted, nevertheless, on explaining to hihi what I 
ef required, but tliey went away without being able U 
lUun from him any promise of assistance in bringing out I 
e required macMne. 
Tltfl Btrike continued, and the maniifactareni agtuu I 

upon Mr. Roberts, but with no better result. 
ild. time they called, and appealed to Mr. Stiorp, Ihft I 
[ntaliat of the firm, who promised to uks his hv. 
More to in'hice Itis raechanical partner to lake ihs I 
Utar in hand. But Mr. Roberts, notwiihstandin;; hiu i 
liiwnoei had been occupied in carefully pandering U)«l 
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Kubjoot i«inco ^Ir. A^hton^s first interview with him. Tbm 
vrrv (lifYlruIty of the problem to be solved had tempted 
liini boMly to frmpple with it, though he would not bold 
out the Hli;;ht08t oxpcctntion to the cotton-spinnen of his 
bn'n;r <tb1o to holp thorn in their emei'gency until he saw 
his way |HMf(vtly rU\ar. That time had now come ; and 
whon Mr. Sharp introduced the subject, he said he had 
turnod tho mattor over and thought he could construct 
tho nMpiin'd stdf-^otin^ machinery. It was arranged that 
ho i^honhl pn><'ood xvitli it at once, and after a dose study 
of lour mouth:* ho brouirht out the machine now so ezten- 
pi\fdy known as tho 8olf-aoting mule. The invention was 
patontod in 18'J.*>, and was |H?rfected by subsequent addi- 
tions, whirls \voix» also ]>iitentod. 

Liko w> manv olhor inventions, the idea of the self- 

ft ' 

aotin'i inulo wsis not now. Thus Mr. William Strutt of 
l><M*hy, tho lathor of Loni Bolpcr, invented a machine of 
this sort at an oarly poriiMl ; ^Ir. "William Kelly, of the 
Now Lanark Mills, invontod a second ; and various other 
projootofH triod thoir 8kill in the same direction ; but none 
of thoso invontions oamo into practical use. In such cases 
it has hooomo pMionilly admitted that the real inventor 
is not tho ]>orson who sujrgosts the idea of the invention, 
but ho who fn^st works it out into a practicable process, 
and 80 makes it of pnu^tioal and commercial value. This 
was aocomplishod by Mr. Roberts, who, working out the 
idoa after his own independent methods, succeeded in 
making the first self-acting mule that would really act as 
such ; and he is therefore fairly entitled to be regarded as 
its inventor. 

By means of this beautiful contrivance, spindle-cnr- 
ringcs, bearing hunditMls of spindles, run themselves out 
and in by means of automatic machinery, at the proper 
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■peed, without a hand touching them ; the onl^r labor re- 
quired being tiiat of a tew hoj-B and giib to watch them 
and mend the broken llireads when (he carriage recedes 
from the roller beam, and to stop it ivlien the cop is com- 
pletely formed, aa ia indicated by the bell of the counter 
atlaclied to the working gear. Mr. Buiiiea deaci-ibea the^ 
eelf-acting mule while at work as " drawir 
and winding up many tliousand threads, with tinfailii^ 
|irecisioii and Indefatigahle patience and strength, — 
e aa magical to the eye which is not familiarized v 
•it as tile effects have been maiTellous in augmenting tl 
vealth and population of the country."* 

Mr. Eoberts's great success with the self-acting mulo 

i to his being oflcn appealed to fur help in the me- 

chunica of manufacturing. In 182C, the year af\er his 

patent was taken out, he was sent for to Mulhouse, in 

Aleace, to design and arrange the machine establishment 

of Andr^ Koechlin & Co. ; and in tliat and tlje tno aul>- 

nqueiit years he fairly set the works agoing, instructing 

the workmen in the manufacture of spinning-machinery, 

and thus contributing largely to the success of the French 

cotton manufacture. In 1832 he patented his invention 

of the Hail i 111 Arm for "winding on" in the self-acting 

mule, now in general use ; and in future years he took 

oat sundry patents for roving, slubbing, spinning, ajid 

doubling cDiloa and other lihrous materials ; and for 

weaving, beetling, and mangling fabrics of vanous sorts. 

A considerablo branch of business carried on by the 

ta of Sharp, Roberts, & Co. was the manufacture of 

jn billiard-tables, which were constructed witli almost 

pcrrecl truth by means of Mr. Roherls'a ploning-macbine, 
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article of export. But a iniich 
importsnt and rennineratire dejmtine^t w 
fitetnre of locomotivca, which waa began by the 
Bhortlj nllcr the opening of the Liverpool and 
tf-r Ratlwaj hail maAcO this aa one <^ lite diief bmnal 
of future mechoniciil engineering. Mr. Robcrb 
seized the ojiportimltj presented by this new field of 
Tention nnd enlcrprife. and devoted himself for n time 
the (careful Eludy of llie locomotive and its powet 
early as the year 1829 we find him presentu^ 
Muiichestcr Mechanics' Institute a. machine e^iihitii 
the nature of friction upon railroads, in soloticm of 
problem then under discussion in the scientific jo" 
Id the following year he patented an amtngcment 
communicating power to hotfa driving>whecls of the 
motive, at all times in the exact proportions requii 
when turning to the right or left, — an armngemi 
which has since been adopted in many road iDcomotii 
and agricullural-enfrines. In the Baltic patent will 
found emhoJied his invention of the stt^am -brake, wli 
wtw iJflo a favorite idoe of George Siephensoni 
elaborated hy Sir. IklncConnetl of the London and 
western Railway. In 1834 Sharp, Koberls, & Coh 
gan the nunufucture of locomotives on a large ftsahi ; 
tlie compactness of tlieir engines, the excellenffe of 
workmanship, and the numerous original impravemt 
introduced in them, speedily secured for the engines 
the Atlna firm a high reputation and a very large demani 
Among Mr. liohcfta's improvements may bit mentioneJ 
bis method of manufacturing the cntnk-axte. of welding 
the rim and tyres of the wheela, Mid bis arrangement a»4 
form of the wrought-iron framing and axle-guanls, 
ayitcm of templets and gauges, by means of which Wi 
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t of an engine or tondur correBpunded with tfiat of 
ry Other engine or tender of ttio Bums class, was )i» 
Bt An improvement as flliiud slay's system of uuiformity 
tavts iti otiicr descriptioiiB of mncliinery. 
n connection ivitli t!io suljjuct of railwaj-dj wo miiy 
idB' in passing to ilr. Eobcrta'a invention of itie 
tqtiitni punchinft-mafliino, — a self-acting tool of great 
BT, used for piimihiiig imy required' numbur of lioles, 
Mny pltcli BJid to any jiattern, with mallicmalical accu- 
iy, io bridge or boiler plates. The origin of this inven- 
mlint similar to tiint of the st'll-acting mule. 
B OOTtPactora for the Conway Tubular Bridge' while un- 
' construction, in 1848, were greatly hampered by com- 
ationa amongst tlie workmen, and they despaired of 
g able to finish the girders within the time spoeifleil in 
I contracL The ptinching of the iron platcii by hand was 
dlona and expensive as well as an iitiiccurale iirocesa ; 
the work was proceeding so slowly l<u'it the con- 
9 Inund it absolutely necessary to adopt some new 
1 of punching if they were to finish the work ia 
In their emergency they appealed to Mr, Roberts, 
1 endeavored to persuade liim to take the matter up, 
t at length consented to do so. and evolved the machine 
<}ne3tian during his evening's leisure, — for the most 
t while quietly sipping his tea. The mnchine was 
kloced, the conlrftclora were enablud to pi'oceed with 
i punching of the plates independent of the refractory 
I, and the wot'k was executed with a dcspatcli. ncci>- 
1^ andi cxt'ellence that would not otlicrwjse have lieen 
Only a few years since Mr. Roljerls added a 
il companion to tha Jacquard punch ing-mnchine, in 
> oombined self-acting machine for shearing iron atiA^ 
B both webs of angle or T iron simultaneously 
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any required pitch ; though this machine, like others 
irhicU have proceeded from his fertile bniin, is ahead 
even of this fast-manufacturing age, and has not yet oome 
into general use, but is certain to do so before many 3rean 
have olsii>sed. 

These inventions were surely enough for one man to 
linve accomplished ; but %ve have not yet done* The 
mere enumeration of his other inventions would occupy 
several pages. We shall merely allude to a few of thenL 
One w:is his Turret Clock, for which he obtained the 
medal at the Great Exhibition of I80I. Another was 
his Prize Electro-Magnet of 1845. When this subject 
wns first mentioned to him, he said he did not know any- 
thing of the theory or practice of electro-magnetism, but 
he would try and find out. The result of his trying was 
(hat he won the prize for the most powerful electro- 
magnet ; one is placed in the museum at Peel Park, 
^lanohester, and another with the Scottish Society of 
Arts, Edinburgh. In 1846 he perfected an American in- 
vention for making cigars by machinery ; enabling a boy, 
working one of his cigar-engines, to make as many as 
five thousand in a day. In 1852 he patented improve- 
ments in the construction, prapelling, and equipment of 
steamships, which have, we l)elieve, been adopted to a 
certain extent by the Admiralty ; and a few years later, 
in 1855, we find him presenting the Secretary of War 
with plans of elongated rifle projectiles to be used in 
smooth-bore ordnance with a view to utilize the old- 
pattern gun. His head, like many inventors of the time, 
being full of the mechanics of war, ho went so far as to 
wait upon Louis Napoleon, and laid before him a plan by 
which Sebastopol was to be blown down. In short, upon 
whatever subject he turned his mind, he left the impress 
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his inTflnlive faculty. If it was imperfect, be improved 
I if inrapnble of imiiruvement, and improeticuble, he 
.vented somelLing entirely new, auperseding it (Jto- 
)tlier. But with all liia inventirc genius, 

I of which Mr. Roberts has so lai'gely added to the 
oductive power of the country, wo regret to siiy that ho 
not giAed with the commerciul faculty. He 1ms helped 
here in their diilicLiltiea, but forgnticn hiraseltl Many 
ivo profited by liia inventions, without even acknoml- 
Igiiig the obligations which they owed to him. They 
I used his hriiins and cojiied his tools, and the 
tucked orange " is all but forgotten. There rany 

a a want of worldly wisdom on his part, but it is 
liable to think tluit one of the most proliliu aud u 
pentors of his time should in his old age be lell to fight 
ith poverty. 

Wr. Whitworth is another of the first-class tool-maki 
'Manchester who has turaed to excellent account his 
uning in the workshops of Maudsluy and Oement. Ho 
B carried fully out the system of uniformity in Sere 
itreuds wliii'h they initialed; and he haa etill further 
qiroved the mechanism of the planing-machine, enabling 

D work both backwards and forwaj^a by means of a 
rew and roller motion. His " Jim Crow Machii 
lied from ila peculiar motion in reversiug iiaelf and 
orking both ways, is an extremely l>cautiful tool, adapted 

! for horizontal, vertical, or angular mt 
a\M accuracy of Sir. Whitworth's machines is not Ihe 

t of their meHts; and nothing will satisfy him short 

jteriect truth. At the meeting of the Institute of Me- 
I Engineers at Glasgow, in 18^G, he read a paper 

the essential importance of possessing a true pli 
lUudard of reference in mechanical constructions, and 
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lio il(«7ribed elaborately the tttie toetbod of securing Hi 
— nnmcly, by scraping, uutead of by the ordinary process 
of ^nilin;;. At the same mecttiiig lie exhifaiteil a madiiae 
of Ilia Invuntion, by which be etated that ti diSerence «f 
the millionth pari of an inch in lergth could at once be 
detected, lie also there urged his favorite idea <A u 
formity, and proper gradations af^ize of parts, ii 
rarious brancliea of the rnecbanical aria, as a chief n 
loivnrds economy of production, — a principle, aa \ 
sliowed, capable of very extensive applicalion. 1 
i\\ii progress of tools and maihinery in hLs own tj 
IVhitworth cited the fact that thirty years since the < 
of labor for making a surface of coat-iron true, — obu-^ 
the moat important ojienitions in mechanics, — bye 
ping anil filing by tlie hand, was \2t. a square t 
nliereaa it is now dune by ihe planing-machine attj 
cost for labor of less timt a penny. Then ia n 
pieces of iteventy-fuur reed prinling-cotlon cloth of twi 
ty-nine yards each could not be produced at less coel than. 
30». &d. per piece ; wlierena the same description is now 
sold for 3«. Di Mr. Whitworth bus been amoug tbe 
most eSbctive workers in this field of improvement, bis 
tools taking Ihe first place in pointof speed, acciu-acy, and 
finish of work, in which respects tliey chiillenge competi- 
tion with the world. Mr, Whilwortli lias of late years 
been applying himself with hie ai:cuslomed ardor to the 
development of tlie powers of riiled guua and projei/tiles, 
— H branch of mechanical science in wliicii he conieswdtx^ 
holds n tbrcmost place, and in perfecting ivhicb he is si 
ucoupieJ. 



CHAPTER XV. 
James Nasmtth. 

** By Hammer and Hand 
All Arts doth stand.** 

Hammennen*M Motto, 

The fonnder of the Scotch family of Naesmyth is said 
to have derived his name from the following circumstance. 
In the course of the feuds which raged for some time be- 
tween the Scotch kings and their powerful subjects the 
Earls of Douglas, a rencontre took place one day on the 
outski^s of a Border village, when the king's adherents 
•were worsted. One of them took refuge in the village 
'smitliy, where, hastily disguising himself, and donning 
a spare leathern apron, he pretended to be engaged in 
assisting the smith with his work, when a party of the 
Bonglas followers rushed in. They glanced at the pre- 
tended workman at the anvil, and observed him deliver a 
\)\ow upon it -so unskilfully that the hammer-shaft broko 
in iiis hand. On this one of the Douglas men rushed at 
him, calling out, '^ Ye 're nae smyth ! " The assailed man 
seized his sword, which lay conveniently at hand, and de- 
fended himself so vigorously that he shortly killed his 
asudlant, while the smith brained another with Ids liam- 
mcr ; and a party of the king's men having come to their 
help, the rest were speedily overpowered. The royal 
farces then rallied, and their temporary defeat was con- 
verted into A victory. The king bestowed a grant of land 
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on his follower *< Nac Smyth,** who aflBomed for his 
a swonl hetwc'on two liammers with broken shafts, and 
the motto, ** Non Ai*te sed Marte," as if to disclaim the 
art of the Miuth, in wliicii he had failcnL and to emphasise 
iUv siijKTiority of tlie warrior. Such is said to be the 
tnulitional oi-i;;iii of t!ie iamily of Nuesmjth of Posse in 
IV'trhh'SMliiiv, wiio continue to bear the same name and 
arms. 

It is rcmarkal)lo that the inventor of the steam-hammer 
hi mil 111 have so eflectually contradicted the name he bears 
and reversed the motto of his family; for so far from 
hv.\u[* '" Nae Smytlu" he may not inappropriately be des- 
i;:nated the wry Vuleaii of the nineteenth century. His 
hammer is a tfK)l of immense power and pliancy, but 
for whieii we must have stopped short in many of those 
f<:i;<:antie en;:ineerin«i; works wliich are among the marvels 
of the ixiia we live in. It possesses so much precision 
and dclieaey that it will chip the end of an egg resting in 
a frlass on the anvil without breaking it, while it delivers 
a hlow of ten tons with such a force as to be felt shaking 
the parish. It is therefore with a high degree of appro- 
priateness that Mr. Nasmyth has discarded the feckless 
iiammer with the hroken shaft, and assumed for his em- 
hlem his own map^nificent steam-hammer, at the same 
time rever8in<; the Iamily motto, which he has converted 
into ** Non INI arte sed Arte." 

James Nasmyth belongs to a family whose genius in 
art has lon<; been recognized. His father, Alexander 
jNitsmyth of Kdinburgh, wiis a landscape-painter of great 
eminence, whose works are sometimes confounded with 
those of his son Patrick, called the English Hobbema, 
thou<rh his own merits are peculiar and distinctive. The 
elder Nasmyth was idso an admirable portrait-paintor, as 
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i of Bums — the boBt ever painted of the p 

i ample witness. Ills dauglilere, tbe Jlisses nJ 
were liij^Iily HliiHcd paiiilcrs of IiindacapB, and 
«r wOL'ks are well knuivn and mucb prized. Jninea, 
it of'tlie fnniiij, inliei'iia tbe Bnme love of aii, 
High lits name is mora extensively known as a worker. \ 
1 iron. He was born at Edinliiirgh, t 
I of August, 1808; and his attention was early di.! 
i to moclianica Ly llie cirenniEtancc of this being o 
is father's bobbies. Besides being aa cxeellenl paiiiloi^ 
f. Naamjlh had a good general knowledge of arcbiiec 
o and civil engineering, and could work at tbe lathed 
Uid bandit! tools with the dexterity of a n 
hmplojed nearly tlic wbulo of bis spare time in. a little 
Drkaltop nUJL'li adjoined his studio, where he e 
la youngest son to woik with him in all soiTs of uiateri- , 
Among his risitors at tlio studio wej'e Professor-j 
lie, Patrick Miller of Biilswinton, and otiiei 
:tioD. lie aasieted Mr. Miller in bis eai'ly cxpeiv 
with paddle-boats, wliich cventunlly led to tbo ia*j 
a of the steamboat. It was a great advanljige foF 
B boy to be trained by n father who so loved excellence 
a all it3 furniH, and could minister to bis love of mechanics 
y his own instruclion and practice. James used to drink 
li pleasure and protit the conversation wliich passed 
en Ills father and Ids visitors on scientific and me- 
nicnl subjecta ; and as be became older, the resolve 
K Stronger in him every day that he would be a nio- j 
^er, and nothing else. At a jiroper a 
■& sent lo tbe High School, then as now cek-brnted f 
B excellence of its instruulion, and there he laid t 
a of a sound and Lberal education. But be h 
Bulf told the simple etoiy of his early life i: 
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graphic terms, that we feel we cannot do better tlm 

quote his own wortls:* — 

'' I iiaJ the good luck,** he says, ^' to have for a flcbool 
companion the son of an iron-founder. Every spare bour 
that I could command was devoted to visits to his fathei^ 
iron-fou!idery, where I delighted to watch the varioai 
processes of moulding, iron-melting, casting, forging, patp 
tern-making, and other smith and metal work; and al- 
though I was only ahout twelve years old at the time, I 
used to lend a hand, in which hearty zeal did a good deal 
to make up for want of strength. I look back to the 
Saturday afternoons s{)cnt in the workshops of that small 
foundery as an im])ortiint part of my education. I did 
not trust to reading ahout such and such things ; I saw 
and handled them ; and all the ideas in connection with 
them hecamc (icrmanent in my mind. I also obtained 
there — what was of much value to me in after life — a 
considerable ac(}uaintance with the nature and charactera 
of workmen. By the time I was fifteen I could work and 
turn out really respectable jobs in wood, brass, ircm, and 
steel: indeed, in the working of the latter inestimable 
material I had at a very early age (eleven or twelve) 
acquired considerable i)roficiency. As that was the pre- 
lucifer match period, the possession of a steel and tinder- 
box was quite a patent of nobility among hojs. So I 
used to forge old files into * steels ' in my father's little 
worksho}), and harden them and i)roduce such first-rate, 
nont little articles in that line, that I became quite famous 
amongst my school companions ; and many a task have I 

• Originally prepared for John Hick, E.«q., C. E., of Bolton, and 
embodied by him in his lectures on " Self-Hel|>," delivered before the 
Holy Trinity Workingmen's Association of that town, on the IStli 
and 20th March, 1862; the account havuig been khidly comoted by 
11 r. Nasmyth for the present publication. 
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me by bribing the rooDitor, whose grim sense 

r could witlisland the glimpse of a 

f Bret essay at making a steam-engine waa when I 

8 fiA«en. I tlien made a real working Eleam-eagine, 

\ diameter cylinder, and S-iii. stroke, which not only 

1 Ast, but really did some useful work ; for I made 

1 Uie oil-colors which my father required for his 

g. Steam-engine models, now so common, were 

adingly scarce in those days, and very difficult to be 

i and as the demand for tiiem arose, 1 found it both 

^tfitl and profitable to make them j as well as see- 

J models of steam-engines, whieh I introduced for the 

e of exhibiting the movements of all the parts, both 

IT and interior. With the results of the sale of Bucb 

a I was enabled to pa}- the price of tickets of admis- 

B to the lectures on natural philosophy and chemistry 

1 in the University of Edinburgh, About the 

ae (182G) I was so htippy as to be employed by 

r Leslie in making models and portions of appa- 

IB required by him for hit lectures and philosophical 

ELtions, end I had also the inestimable good fortune 

e bis friendship. His admirably clear manner of 

munlcating a knowledge of the fundamental principles 

Pmechaiii^l science rendered my intercourse with him 

e utmost impoilance to myself. A hearty, cheerful, 

et desire to toil in his sei'vice, caused him to take 

are in instructing me by occaiiional explanations of 

,t might othenvise have reninincd obscure. 

" About the years 1827 and 1828 the subject of steam- 

rriiiges for common roads occupied much of the alteti- 

D of the public Many tried to solve the probli 

e a woi'king model of an engine, which performed so 
U Unit some friends determined to give me the 
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of making one on a larger scale. This I did ; and I sball 
never for^ret the pleasure and the downright hard woriL I 
liad in producing, in the autumn of 1828, at an outlaj of 
GO/., a complete steam-carriage, that ran many a mQe with 
eight i)erson8 on it. After keeping it in action two monthSy 
to tlie satisfaction of all who wei-e interested in it, my 
friends allowed me to dispose of it, and I sold it at a great 
bargain, tifter which the engine was used in driving a 
fmnll factory. I may mention that in that engine I em- 
ploy (m1 the wjL«^te steam to cause an increased draught by 
its discharge up the chimney. This important use of the 
waste steam liad been introduced by George Stephenson 
some ycai-s before, though entirely unknown to me. 

** The earnest desire which I cherished of getting for- 
ward in the rerJ business of life induced me to turn my 
att( ]iti()n to obtaining employment in some of the great 
engineering establishments of the day, at the head of 
wliich, in my fancy as well as in reality, stood that of 
II (Miry ^laudslay, of London. It was the summit of my 
ambition to get work in that establishment ; but as my 
father had not tlie means of paying a premium, I deter- 
mined to try what I could do towaixls attaining my object 
by submitting to Mr. Maudslay actual specimens of my 
cai)ability as a young workman and draughtsman. To 
i\u» end I set to work and made a small steam-engine, 
eveiy part of which was the result of my own handiwork, 
including the casting and the foi-ging of the several parts. 
This I turned out in such a stvle as I should even now 
be proud of. "Mj sample drawings were, I may say, 
highly respectable. Armed with such means of obtain- 
ing the good oj)inion of the great Henry Maudslay, on 
rue lOtli of May, 1829, I sailed for London in a Leith 
smack, and after an eight days' voyage saw the metropo- 



he first lime. I nuxie bolil to call on Mr. Mnuda- J 
f, ami toll! iiim my simple tale. lie desired me to n 
fiog my models for hiii 






I did s 



p came lo me I could beb t>y the expression of bis cheer- 

1, well-remembered countenHnce, thai I bad attained my 

He then and there appointed me to be his own 

e workman, to assist him in his little paradise of a 

shop, furnished with the models of improved mncLIU' 

d tngineering tools i>f whi(^h he has been the great 

Iginator. He Itfl me lo arrango as lo wages with liia 



ipf cashier. Mr. Robert Youn 
y erening I aeeordingiy went 
e of him about tny pay. 
Knowing the vali 



ig, and on Ihe first Salur- 
to ihe counting-house to 
He asked me what would 
le of the situation I had 



I 



ined, and having a very modest notion of my n-ortlu- 

to occupy It, I said that if be nould not consider 

B week too much, I thouglil I could do very well 

h that I suppose be concluded tliat I had some means 

J own to live on lieaidcs the 10^. « week which I 

He little knew that I had determined not to cost 

jer another farthing wlien I left home to begin the 

on my own aecuunt. My proposal was at onw 

1 tob And well do I remember the pnde and de- 

[ felt wlicn I carried to my three-shillin^-a-week 

ging that night my fii'st wages. Ample they were ia 

; fur I knew iiow lillle I could live un, and was 

raaoded that by strict economy I could easily contrivo 

! the money support me. To help me in this 

, I contrived a sinidl coiikln;^ apparatus, which I 

with got made liy a. tinsmilli in Lambetli, at a cost 

'., and by its aid I managed to keep tiie eating and 

inking part of my private account within Si. Sd. per 

: 4(. at the outside. I bad three meat dinnen 



1 



i 
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a week, nnd generally four riee and milk dinners, all c 
wU'u'h were i*ookcd by my little apparatus, which I ^ 
ill lu'tiuii afkT break ftist. The oil cost not quite a \m s.i/^ 
])t>nny ])er day. Tlie meat dinners eonsisted of a fr^eir 
of from n half to three quarters of a lb. of leg of beef, "the 

ineat costinp; S^tf. per lb., which, with sliced potatoes and 
i little onion, and as much water as just covered all, with 
a Hprinkh; of salt and black pepper, by the time I retumed 
to dinner at Iialf past six, furnished a repast in every J^ 
s])cc't lis good as my ap|)etite. For breakfast I had ccfttf 
and a due pi-oportion of quartern loaf. After the first year 
of my employment under Mr. Maudslay my wages ffW* 
raised to l')s, a week, and I then, but not till then, in- 
dulged in the luxiny of butter to my bread. I am tho 
more {lartii'ular in all this, to show you that I was ft 
thrifty housekeeper, although only a lodger in a St. room. 
I have the old apparatus by me yet, and I shall have ' 
anothtT dinner out of it ere I am a year older, out of le- 
gard to days that were full of the real romance of life. 

*' On tlie death of Henry Maudslay in 1831, I passed 
over to the service of his worthy partner, Mr. Joshua 
Fii'ld, and acted Jis his dnuightsman, much to my advan^ 
ta^re, until the end of that year, when I retumed to Edin- 
burgh, to construct a small stock of engineering tools for 
the ))urpose of enabling me to start in business on my own 
account. This occui)ied me until the spring of 1833, and 
during tlie intei'val I was accustomed to take in jobs to 
execute in iny little workshop in P^dinburgh, so as to ob- 
tain the means of completing my stock of tools.* In June, 

• 

* Most of the tools \sith which he began businef^s in Manchester 

were rnude by his own hands in his father's little workshop at Edin* 

bnrgh. He was on one occasion " hard up " for brass with which t* 

make a wheel for his planing-machine. There was a row of old* 
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t went to Mandiester, and took a flat of tin old 

in Dale Street, wliere I began buBinena. In two 

» mj stotk had so increnaed ns to overload the floor 

\m old building to sui'h an extent iliut the liuullont, 

. Wreno, became alnrraed, especially as the tenant 

a gfaas-cutler — had a visit from the end of 

liSO-horse engino beam one morning among biB cut tum- 

To set their anxiety at rest, I went out that evon- 

Ffitricrolt and took a look at a rather choice bit of 
1 bounded on one side by the canal, and on the other 

f the Liverpool and Mancheater Railway. By the end 
i week 1 liud secured a lense of the site for m"ne 
mdred and ninety-nine years ; by the end of tlie month 
f wood-sheds were erected ; the ring of the hammer on 
e smith's anvil was soon beard all over the place ; and 
B Bridgewater Foundery was fairly under way. There 
d right heartily until December 31st, 185C, when I 
1 to enjoy in active leisure the reward of a labori- 
, during which, with the blessing of Goil, I en- 
, much true happiness through the hearty love 

1 I always had for my profession ; and I trust 1 
f be allowed to say. without undue vanity, that I have 

t behind me some useful results of my labors in those 
raations with which my name is identilicd, which have 
II share in the accompliahment of some of tlie 
Mtest mechanical works of our age." 
f Ur. Kasmyth Imd accomplished nothing more than 

j^lnnfut brass cnndlc! ricks Bt»ndin|t In bright nmiTfln tlie ktlchen 

hlch he graiitlj covBtcd Tor tliB piirposD. H1'< fHlher 

D give Ihaiu up; ■■ for," bkIJ be. " I hnvo bail many a 

k wtth Bums when Iheie cnndlestlcki were oq Ibe table." But 

lAw at length vieMeit: u'beii the csnillestlplig were at once rs- 

t, and miide intn tbe wheel of the planlag-iuaehiiie, wh) ih ii atili 

UUlUiehfJtIr. 



I 
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the invention of his steam-hammer, it would have beM 
cnoiij^h to found a reputation. ProfesBor Tomlinson de- 
Bcribed it as ^ one of the most perfect of artificial nuip 
chines and noblest triumphs of mind over matter that 
mo<lem En^jlish engineers have yet developed.*** The 
liand-hammer has ahva}!} been on important tool, and, in 
the form of the stone celt, it was perhaps the first in- 
vcntcfl. When the hammer of iron superseded that of 
stone, it was found practicable in the hands of a ^ cuih 
fling ** workman to execute by its means metal work of 
prcat beauty and even delicacy. But since the invention 
of cast-iron, and the manufacture of wrought-ircm in large 
mosses, the art of hammer-working has almost become 
lost ; and great artists, such as Matsys of Antwerp and 
Uiikors of Nurembergjt no longer think it worth their 
while to expend time and skill in working on so humble 
a material as wrought-iron. It is evident from the marks 
of carc and elaborate design which many of these early 
works exhibit, that the workman's heart was in his work, 
and that his object was not merely to get it out of hand, 
but to execute it in first-rate artistic style. 

Wlien the use of iron extended and larger iron-work 
came to be forged, for cannon, tools, and machinery, the 
ordinary hand-hammer was found insufficient, and the 
lielvo or forge-liammer was invented. This was usually 

* Cyclnpadia of Useful Arts^ II. 739. 

t I^IatRvs's beautiful wrought-iron well-cover, still stnnding in front 
of the cathedral at Antwerp, and Rukers's steel or iron chair exhibited 
At South Kensington in 1862, are examples of the beautiful hammer 
work turned out by the nrtisnns of the middle ages. The railings of 
the tombs of Henry VII. and Queen Kleanor in Westminster Abbey, 
the hinges and iron-work of Lincoln Cathedral, of St. George*s ChRpel 
at Windsor, and of some of the Oxford colleges, afford equally striking 
illustrations of the skill of our English blacksmiths several centuries 
ago. 



a by a water-wheel, or by osen or liorees. The tilu , 
was anotlicr form in wliii'li il ivns useil, the 
oiler kincU being worked by tiie font. 

[ inventions, wits a tiit-liammer of cousidc rabid, 

VtVT, which lio at fii'sl wurkcd by tneiiMS of a wati: 

BOel, and aftcrwArtU by a steam-engine fcgulalud by 

fer^rlicfil. His tirat liommcr of tlii» kind tvaa a liundi'eil 

■d twenty pounds u\ weight ; it was raised cigljt inizhca 

■fore making each Mow. Watt aflerwni-ds mode a tilt- 

niuer for Mr. Williinsoo of Bradley Forge, of 7^ uwt, 

t made tlirce liiitidi'ed blows a. minulc. Other im- 

remenla were made in the hammer from time to tinic^ 

o material alteration was made in the power by which 

I Wfis worked unlll Mr. Nasmyth took it in band, and 

Allying (o it the force of steam, at once provided the 

Drlter in iron with the most formidnUe of madiine-tools. 

5 important invention originated as foUowe : — - 

w\ Jn the early part of 1837, the dii'cctoi-s of the Great 

Jfsstem StuaniBhip Company sent Mr, Fiimcis Ilurn- 

(, their engineer, to consult Mr. Nasmyth as to some 

gineering tools of unusual size and power, which wero 

squired for the eonatruction of the engines of the " Great 

Britain " steamship. They had determined to construct 

Ijiose engines on the vertical Irunk-ciigino principle, in 

wrdance with Mr. Hurajibnes'a designs ; and very com- 

itetA works were erected by iLcm at their ]iri:<toI dock- 

1 1j>r llie execution of tlie requisite raacliinery, the 

Wt important of the tools being supplied by Nasmytli 

i GmkcU. Tlic engines wei-e in band, when a diiri- 

Uty arose with renpect to the enormoua paddle-shull of 

sel. whicli was of such a eize of forging as iiaJ 

pver before been executed. Mr. Humphries applied to 

B largest engiaeeriog lirmi tliroughout the country for 



I 



Id 
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temlcrs of the price at which they would execute this 
pnrt of the work, but to his suqmse and dismaj he fbond 
that not one of the firms he apitlied to would undertake 
80 hir;^ A for;pn;^. In this dilemma he wrote to Mr. 
Niism^th on the 21th November, 1833, informing him of 
this unlookcd for dilRculty. '* I find,** said he, *^ there is 
not a forgo-liAmmer in England or Scotland poworfbl 
rnough to forge the pnddle-shafl of the engines for the 
* Great Britain I * Wliat am I to do ? Do you think I 
mi;<ht dare to use cjistriron?" 

This h'ttiT immediately set Mr. Nasmyth a thinking; 
I low W1U4 it that existing hammers were incapable of 
forgiu;^ a wrought-iron shaft of thirty inches diameter? 
Simply Ixjcause of their want of compass, or range and 
fall, jw well a« i)C)wer of blow. A few moments' rapid 
t!i()ii;rht satisfied him that it was by rigidly adhering to 
the old traditional form of hand-hammer, — of which the 
tilt, though driven by steam, was but a modification, —^ 
that the dilliculty htul arisen. When even the largest 
hainnier was tilted up to its full height, its range was so 
small, that when a piece of work of considerable size was 
])laeed on the anvil, the hammer became " gagged," and, 
on sueli an occasion, where the forging required the most 
powerful blow, it received next to no blow at all, — the 
<*lear space for iaJl being almost entirely occupied by the 
work on the anvil. 

The obvious remedy was to invent some method, by 
which a block of iron should be lifted to a sufficient 
lieight above the object on which it was desired to strike 
a blow, and let the block fall down upon the work, — 
guiding it in its descent by such simple means as should 
give the i-equired precision in the percussive action of the 
iaUing mass. Following out this idea, 3[r. Nasmyth at 
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) eketcUed on paper hia ateam-hammer, havinf 

nrly before him in lib mind's eye a few miiiutea aftcf 

Eciving Mr. Humpliries's letter narrating liis uiilooked- 

r difficulty. Tbc bammer, as thus alietthed, consigted'.j 

iBt, an anvil on whii^h to rest the work ; second, a 

; of iron constituting the hammer or blow-giving 

1 third, an Inverted steam-cylinder to whose piston- 

cl the block was attached. All that was then required 

I produce by sucli means a most effective hammer, was 

inply to admit steam in the cylinder so as to act on the 

T Bide of t)ie piston, and eo raise the block attjicbed 

I tbe piston-rod, and by a simgile cootrivance to let the 

J escape, and bo permit the block rapidJy to desceod 

I gravity upon the work then on the anvil. « 

L few words, is the rationale of the eteara- 



W' By the same day's post, Mr. Naamylh wrolo to Mr. 
Bntnpbries, enclosing a sketch of tlie invention by which 
be proposed to forge the " Great Britain" paildle-shaft. 
Mr. Humphries showed it to Mr. Bi'unel, the crij 
chief of the company, to Mr. Guppy, the mm 

r, and to others interested in the undertaking, by iiU 
t viiata it was heartily approved, Mr. Naamjth gave 
^mission to communicate his plans to such (brge pmpi-i- 
) might feel disposed to erect such a hammer to 
) the proposed work, ^ — the only condition which 
J being, that in the event of Uis liammer boiiigi 
lopted, be was to be allowed to supply it according to 

n design. 

' The paddlc-Bbfltl of the " Great Britain "■ was, how 

r, never forged. Alwut that time, the substitution nC 

e Screw for the Paddle-wheel as a means of propulsion 

t Bletini-veBsels was attracting much attention ; and tlifi 



1 
I 
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performances of the ^ Archimedes " were so sacocsBful m 
to induce Mr. Brunei to recommend his Directors to adopt 
the new power. They yielded to his entreaty. The gfesl 
engines whicli Mr. Humphries had designed were accord- 
ingly set aside ; and he was required to produce fresh 
designs of engines suited for screw propulsion. The re- 
sult was fatal to Mr. Humphries. The labor, the anxiety, 
and perhaps the disappointment, proved too much for lum, 
and a brain-fever carried him off; so that neither his 
great paddle-shafl nor Mr. Nasmyth's steam-hammer to 
forge it was any longer needed. 

The hammer was left to bide its time. No forge-mas- 
ter would take it up. The inventor wrote to all the 
great firms, urging its superiority to every other tool for 
working malleable iron into all kinds of forge work. 
Thus he wrote and sent illustrative sketches of his ham- 
mer to Accramans and Morgan of Bristol, to the late 
Benjamin Hick and Rushton and Eckersley of Bolton, 
to Howard and Ravenhill of Rotherhithe, and other 
firms ; but unhappily bad times for the iron trade had set 
in ; and although all to whom he communicated his de- 
sign were much struck with its simplicity and obvious 
advantages, the answer usually given was, " We have not 
orders enough to keep in work the forge-hammers we 
already have, and we do not desire at present to add any 
new ones, however improved." At that time no patent 
had been taken out for the invention. Mr. Nasmyth had 
not yet saved money enough to enable him to do so on 
his own account ; and his partner declined to spend 
money upon a tool that no engineer would give the firm 
ac order for. No secret was made of the invention, andj 
excepting to its owner, it did not seem to be worth one 
farthing. 
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1 the unpromising state of Affairs, vi 
r SchiiMiler, of the Crcuaot Iron-Works in France, called 
I At the Pati'ieroft works together willi bia practical mo- 
I chftuii^, M. Bourdnn, Tor tlie purpose of orderi'ig some 
I tools of Ilie lii-m. Hr. N»smytli was ithaciit on a juurnej 
I at thu time, but his partner, Mr. Gaskell. as an act of 
I C0urtcsj> to the strajigers, took the oppoi'tunity ofshowiiig 
I them all that was new and interesting in regai-d to niecb-,, 
t about the works. And, among other things, Utv:' 
I Giukell brought out his partner's sketch or " Schem« 
I booki" which lay in a drawer in the office, and showed 
I them the design of the steum -hummer, which no English 
I firm would adopt. Tlicy wei-e much struck with its sim- 
l-plicil^ ami practical utility ; anil JM. Bourdon took care- 
I £il note of its arrangements. Mr. Nasmyth on liia return 
a Informed of the visit of IiIM. Sehiicider and Bourdon, 
I but the drcunjstance of their having inspected tlie deidj 
rfifbie steam-hammer seems to have beeu regai-ded by 
I partDer na too trivial a matter to bo repealed to 
I And he know nothing of the circumstance until his 
I to France in Ajiril, 1840. ^Mien passing through the 
f wo)4tB at Crcusot with M. Bourdon, Mr. Nasmyth saw ft 
W orank shaft of unusual size, not only forged in tlic piece, 
I Lut punched. He inimediittely asked, " How did you 
\ fbige thai shaft ? " M. Bourdon's answer was. " Why, 
I with your hammer, to be sure 1 " Great indeed wa« 
[' JfiVimytli's surprise ; for he had never yet seen the ham- 
', except in his own drawing ! A little explaniUiun 
I cleaivd all up. M. Bourdon said he had been so 
[ nuieh struck n-itU the ingenuity and simplieity of the 
»nt, that he had no sooner returned than lie set 
uid had a hammer made In general accordance 
leeigii Mr. Gaskell had sliowu 
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performances had answered his every expectation. He 
then took IMr. Nasmvth to see the steam-hammer; and 
great was his delight at seeing the diild of his brain 
in full and active work. It was not, according to Mr. 
Na^mytirs ideas, quite perfect, and he readilj suggested 
sevenil improvements, conformable with the original de- 
sign, which M. Bourdon forthwith adopted. 

On reaching England, Mr. Nasmyth at once wrote to 
his partner telling him what he had seen, and urging that 
the taking out of a patent for the protection of the inven- 
tion ought no longer to be deferred. But trade was still 
very much depressed, and as the Patricroft firm needed 
all their capital to carry on their business, Mr. Gaskell 
objected to lock any of it up in engineering novelties. 
Seeing himself on the brink of losing his property in the 
invention, Mr. Nasmyth applied to his brother-in-law, 
William Bennett, Esq., who advanced him the requisite 
money for the purpose, — about 280/., — and the patent 
was secured in June, 1840. The fii-st hammer, of thirty 
cwt., was made for the Patricroft works, with the con- 
sent of the partners ; and in the course of a few weeks it 
was in full work. The precision and beauty of its action, 
— the perfect ease with which it was managed, and the 
untiring force of its percussive blows, — were the admira- 
tion of all who saw it ; and from that moment the steam- 
hammer became a recognized power in modem mechanics. 
The variety or gradation of its blows was such, that it 
was found practicable to manipulate a hammer of ten 
tons as easily as if it had only been of ten ounces weight. 
It was under such complete control that while descending 
with it3 greatest momentum, it could be arrested at any 
point with even greater ease than any instrument used by 
hand. While capable of forging an Armstrong hundred^ 
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Dtinder, or the Bheet-anchor for a stiip of the line, i 
Mild liammer a nail, or crack a nut wilhout bruising tli» 
lemcl. When it came into general use, llie fHi-ililie* 
Irlilch it afforded for execntin" all kinils of forging li 
Ihe effect of greatly increasing the quantity of work done^ 
it the same timo that expense was saved. The cost o: 
Baking ancjiors was redueed Ity at least fifty ptr ceni 
Wllile the finality of the forging was improved. KefriTB 

iiifacturo of a shaft of fifteen ( 
[wenty cwt required the concentrated exertions of a larg 
JBtablishaient, and it,'! successful execution was regarded 
IS n great triumph of skill; wliereas forginga of iweiitj 
md thirty tons weighl are now thinga of almost every-day 
pocnrreiiee. lis advantages were so obvious, that i 
idoption soon became general, and in the course of a fe 
|«ttr9 Nasmyth steam-hammera were to be fouad i 
ivBTy well-appointed workshop, both at home and abroad, 
|lany modifications have been made in the tool, by 
[Jendie, Morrison, Naylor, Eighy, and othew ; but Nas- 
Bjth's was the father of them all, and etill holds 
pound.* 

Among the important uees to which this hammer has 
of late years been applied, is the manufacture of 
|lales (br covering our ships of war, and the fabricn 
Sf lUe immense wrought-iron ordnance of Armstrong, 

• Mr. KMrnyth has lalety inlrodncail, with the ninIbliiTice of Slrr 
maoo ot llie tow l[oar Iron- Works, snev, exceedincly infcenioaB- 
id T«ry timpls conlrlvance Tor warkiiig lli« Iminmer. By thin Hppll- 
AbU any length of stroke, nay arnnant of blow, sml nny Kinntiiil of 
ImIM etn bo gfyto by (he operaKon of a sTn^e lover; a.n(l \-y thMl 
aEwmneat 'lie machine hoBBUuIaod & rapidity of uotinii andehauM 
(Mian cultnlile to Llie power* of Ihe engine, and the rann or I'oiiBii. 
^Af Ihc nnlclej anderthe bammFr. — Mb. FAiitBAia.'i'e Ai/vrdM 
i'nUt tMtiiT$alEidiiliaS(miy/\SbS,p.WO. 
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Wltiiwoich. niul lUiikoly. But for tli6 Bleam4juiiiDcr, 
intKvil, it lit (loulitlul whotbcr such weapons ooold Imvt 
Uvu \\u\\\x\ li i.i nUt) ummI for the re-mantifisuliire of 
iuMi ill \nriou!t oClior fonius to saj nothing of tlie greatlj 
r\UMhU*\l u<«r \\\iw\\ it has hoen the dii*cct means of eifect- 
in>; \\\ wiini'^ht iixm and »Xkh!>\ forgings in every deflcriplion 
\»r lutu'hiurn. iiviu tho hirgt'ttt marine steam-engines to 
i!i\' nuv^t nivv aiul iK*lioato ]Mirt8 of textile mechanism. 
** It 1.4 HOC tiH» imii'h to Miv,** observes a writer in the Ea- 
yV<«v'\ *' iltat, ^xithoiit Naiduvth*!} steam-hammer, we must 
li;i\o jitxij'iHsl .sh irt ill many of tho80 gigantic en^neering 
\uMk*i \\hio)t. hill iW tho (kvay of all wonder in us, would 
U« iho pri'|H'(ii:d \uiiidcr of this A;;(k, and which have ena- 
I'U'^l \»ur luoK'iii ou*iiioors to take rank above tlie gods 
o' till \\\\ ihoK^^ioti, rUoiv iii ono use to which the steam- 
htntuu'r in now boi^nnini* cxtonsivoly applied by some of 
onr inaniitai*tuivi'!t that dosorvo^ 08{)ecial mention, rather 
f\M- I ho piM(i|H'ot whiv-li it oponA to us than for wliat has 
nIi\M«I\ Icon aotuaUv aoivmplis^hed. We allude to the 
luanntiu'tuiv i»f hu'i^o a> tiv lo» in tiies. At one manufao- 
W\\ in I ho oountrv, railwav whools, for example, are be- 
in>; nuiiniraotnivd ^ith onorinoiisS Oi*onomy by this means. 
Tlio \ariou!« )vu'(h \tf the whocU »iv- ])roduoiHi in quantity 
oilhor h\ \\y\\\\v* or bv dios under the liammei*; tliese 
l^irts a IV bixni«rht to«^'tllcr in their relative positions in a 
mould. Ilea ted to a weldin*: heat, and then by a blow of 
the Mteam-hammer, furnishiHi wit Ik diea, are stamped into 
a (>>niplete and all but thiishiHl whei'l. It is evident that 
wheivver wrou*::ht-ii\)n artioles of a man:igeable size have 
to Ih' prodiioed in ivn»ideniblo qiiantitie^, the same pro- 
cess may be adopteil, and the saving etfoeted by the sub- 
stitution of this for tho onlinar}' forging process will 
fitnibtless erelong prove 'inoalcuhible. For this, as for 
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Hm inat>7 other advantageous uses of the steam-l! 

are priraoriJj- and luaiiily indebted to Mr, Naamjlb. 
s but riglit, therefore, tliat we should hold his name in 
lionor. In fact, when we think of Iho universul ser 
whicli this macliine ia rendering us, we feel that a 
■qieciul expression of our indebtedness to liim would be j 
reasonftble and grateful service. Tlie bcnclit whi: 
lias conferred upon us is so great as to justly eniitl': liii 
to stand side hy side with the few men who have gniue^ 
tiflme and fame as great luventive cugiueers, and I 
liave teatiHed our gratitude, — usually, unha| 
|Hly. when It was too late for them to enjoy it" 

Mr. Naamyth subsequently opplied the principle of tl 
StMin-bammer in the pilo-dn'ver, whieh Lc invtntc 
164$. Until its production, al! piles had been drivci 

of a small mass of iron falling upon the head o 
ibe pile with great velocity from a eonsiderable height,-- 
lliB raiung of the iron mass hy means of tlie ^' monkey^ 

I an operation tliat occupied much time and labo^V 
,mlh wliicli the results wei-e very incommensurate. 

Iriving was, in Mr. Nosmyth's words, conducted c 

Wtillerf or cannon-ball princijile ; the action being excesefl 

rive and the mass deficient, and adapted rather for de- ' 

^ructivc tlian impulsive action. In his new and bcauti' 

All inaclune, he applied the elastic for(« of steam in rab- 

E the ram or driving block, on which, the block being 

icDgsged, its whole weight of three tons desccuded o 

tbe head of the pile, and Uie procoes being repeate 

y times in tbe minute, the pile was sent home w 

E^tidity that was quite mai'vellous cainpfirod with tlie d 

bsUioned system. In forming coffer-dams for the pioi 

I abiitmeuts of bridges, quays, and harbors, and ] 

ildling the fiJundatioDs of all kinds of masonry, tlirt ei 



fCli^Hi-pr WW (band of inv&Iuable nse hy the 
At ifM first ci7>eHinent mode with the tnaditne, Sir. Ni 
niTfh drove n 14-inch pile fii^en feet into liarA ground 
llic mtc of 05 Wows a mioute. Tbe driver was first u» 
tn forming the great !team do(?k at Devonport, where thi 
n«idt* woi-e very striking! and il was shortly after 
[iluytnl hy Bohert Stephenson in piling tlje foundations d 
the pTHt lligli Level Bridge at Newraistic, and the 
der Bridge at Berwick, ns well as in Beveral other of bf 
gpcftt works. Tlie saving of time effected by iliis nd 
chine was very remarkable, tlie ratio buing as 1 10 1800 
tlial is. u pile coulil he driven in four minutes that hefoil 
iiKluinM) twelro hours. Ojie of the pccuhar features Q 
Hw invention was thtit of employing tlie pile itself as ih 
tupport of tlie steam -hummer part of the apparatus wbt] 
ll was heing driven, so that the pile hail the pereiisai* 
Jtction of tlie dead weiglil of the hammer aa well aa it 
lively liliiws to induce it to sink into the giound. Ill 
ttwiin-htimmer sat wt it were on the shoulders of the pib 
.while it dealt forth its ponderous blows on the pile-hea 
W the rate of eighty a minute, and as the pile »ank, ll|^ 
.iMmmor followed it down with never relaxing octlvit 
•atil It was driven tiome to the required depth. One of 
U» most ingenious L-onliivances employed in tlio drivca'i 
which WHS niao adopted in the hammer, was the Um of 
■hJftm aa a huifer in (he upper part of the cylinder, wluch 
tall Iho eflupt of a recoil spring, and greatly enhanced titfl 
fcrce t'C tlie downwarf Mow. 

In 1840, Mr. rJasinj'th designed a form of Htcam-en- 
^>» »(fer that of his steam-hammer, whieh has been 
Mw»»l«dy adopted nil over the worid for scMW-ehips of 



«)ll 



lidal form of this engine, its great 
lichy «nd get-at-nbUity of parts, together with the 



^cmnatanee lliat all Ihe weighty parts oF the engine 

!pt low, have rendered it a univeranl fiivorite. Amtmg 

e other labor-saving tools invenled by Mr, Nnsmythf, 

Rj be mentionert the well-known plaiiing-mnL-liinc Cof 

mil work, called " Naamjth'a Steam Ann," now used in 

■cry lar^ workshop. It was contrived lor the purpose 

' executing a large order for locomotlies received from' 

e Great Western Rajlwny, nnd wna found of great use ' 

accelerating tlie work, cspeclnlly in pinning the links, 

ivers, connecting-rods, and smaller kinds of wrought-iron 

n those engines. His cii-cuiar cutter for toothed 

was another of his handy inventions, which shortly- 

into general uae. In iron-founding also he ii 

a valuable practical improvement. The old mode' 

jxniring the molten metal into the moulds was by 

eana of a large ladle with one or two cross hnndleg- 

id levers; hut many dreadful accidents occurred through' 

dip of the hand, and Air. Nasmyth resolved, if possible^! 

prevent them. The plan lio adopted was to fix 
orra-wheel on the side of the ladle, into which a worm. 
U geared, and by this simple contrivance one man 
labled to move the largest ladle on its axis with perfect 
ee and safety. By this means the work was mor»' 
Vmptly peribrraed, and aceidenta entii-ely avoided. 
Ur. Nflsmylh's skill in invention was backed by great' 

large fund of common sense, — qualities 

en found united. These proved of much service to lli»> 

icen of which he was the bead, and indeed constituted 

Tital force. The fii'm [irospcred as it de.'served ; 

esectite<l orders not only for England, hut for most. 

n the civilized world. Mr. Nasmyth had the 

of being trained in a good sclinol, — that of 

Maudslay, — where lie lind not only learnt lia/idi- 
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crafl under the eye of that great meclianic, t>ut the art of 
orgaiiizin;: Iiil)or, and (what is of great vahio to an cm- 
j)loyer) knowledge of the characters of workmen. Yet 
the Nasmvth firm were not without their troubles as re- 
s{)ected the mechanics in their employment, and on one 
occasion they had to pass through the ordeal of a veiy 
forniidahle ^ti'ike. Tlie manner in which the inventor 
of the steam-Iiammer literally ^ Scotched " this strike was 
very characteristic 

A clever young man employed by the firm as a brass- 
founder being found to have a peculiar capacity for skilled 
mechanical work, had been advanced to the lathe* The 
other men objected to his being so employed on the ground 
that it was against the rules of the trade. *' But he is a 
iii*st-rate workman," replied the employers, " and we think 
it right to advance a man according to his conduct and 
his moi-its." *'No matter," said the workmen, "it ia 
against the rules, and if you do not take the man fnun 
the lathe, we must turn out." *' Very well ; we hold to 
our right of selecting the best men for the best places, 
and we will not t^ike the man from the lathe." The con- 
sequence was a general turn out. Pickets were set about 
the works, and any stray men who went thither to seek 
em))loyment were waylaid, and if not induced to turn 
back, were maltreated or annoyed until they were glad 
to leave. The works were almost at a standstilL This 
state of things could not be allowed to go on, and the 
head of the fum bestirred himself accordingly with his 
usual energy. He went do>\ni to Scotland, searched all 
the best mechanical workshops there, and after a time 
succeeded in engaging sixty-four good hands. He for- 
bade them coming by driblets, but held them together 
until there was a full freight ; and then they came, witb 



tlkeir inrives, fiitnilies, chesta of drawers, and eighlr<lBy 
clocks, in a steumljiiat epccially Llred lur llii.ni' traiu- 
poit from Greenock to Liverpool. Frwii thence tliey 
c&me by special train to Fatricrofl, wliere houses n-ere 
in readinca for their reception. The an-ivnl of so numer- 
ous, well-dreased, and respectable a corps of workmen and 
their families was an event in tlie neighborhood, and could 
not fail to strike tlte " picketa " wilh siiqtrise. Next tuom- 
ing the sixty-four Scotchmen assBmbkd in the ynnl at 
Patricrofl, and aflcr giving " three cheers," went quietly 
t their work. The "[ricketing" went on for a lillle 
rihile longer, but it was of no use against a body of 
who stoffil "shouther to shouther," as tlie 
t hands did. It was even bruited about tliat there 
1 "more trains to follow!" It veiy soon became 
r that the back of the strike was lirokcn. The men 
pmcJ to tlieir work, and the clever bi-aas-founder con- 
led at his tuming-hithe, fiom which he speedily rose 

11 higher employment, 
tlct withstanding the losses and suffering occasioned by 
i, Mr. Nastnjth lioliis the opinion that they have on 
) whole produced much more good than evil. They 
a served to stimulale invention in an extraordinary 
Some of the most important labor-saving pro- 
see DOW in common use arc directly traceable to Ihctn. 
B tlie case of many of our most potent self-acting toula 
I maobines, manufnctnrere could not bo induced to 
t them until compelled to do so by strikes. This 
e case with the self-acting mule, the wool-combing 
Mao, the planing-muchine, tlie slotling-mochiAe, Na- 
jgrtk's steam-arm, and many others. Tiius, even ia the 
IfhlUiical world, there may ho "a soul of goodness ia 
1 oviL" 
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Mr. Nasmvth retired from business in December, 185& 
lie lia<I the moral courage to come out of the groove trbich 
he had so 1a)K>riou«] y made for himself, and to leave a large 
an<l prosper Dus business, saying, " I have now enough of 
tills worhrs goods ; let younger men have their chance* 
lie settled down at his rural retreat in Kent, but not to 
lead a life of idle ease. Industry had become his habit, 
and active occupation was necessary to his happiness, 
lie fell back upon the cultivation of those artistic tastes 
which are the heritage of his family. 'When a boy at the 
High Scliool of Edinburgh, he was so skilful in making 
pen and ink illustrations on the margins of the classics, 
that lie thus of\en purchased from his monitors exemption 
from the lessons of the day. Nor had he ceased to culti- 
vate the art during his residence at Patricrofl, but was 
accustomed to fall back upon it for relaxation and enjoy- 
ment amid the pursuits of trade. That he possesses re- 
markable fertility of imagination, and great skill in archi- 
tectural and landscape drawing, as well as in the much 
more difficult art of delineating the human figure, will be 
obvious to any one who has seen his works, — more par- 
ticularly his " City of St. Ann's," ** The Fairies," and 
" Everybwly forever ! " which last was exhibited in Pall 
IMall, among the recent collection of works of Art by 
amateurs and others, for relief of the Lancashire distress, 
lie has also brought his common sense to bear on such 
unlikely subjects as the origin of the cuneiform character. 
The possession of a brick from Babylon set him a think- 
ing. How had it been manufactured? Its under side 
was clearly marked by the sedges of the Euphrates upon 
which it had been laid to dry and bake in the sun. But 
how about those curious cuneiform characters ? How had 
writing assumed so* remarkable a form ? His surmise was 
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tills : that iLe brickmtikers, in telling their tale of bricks, 
need the triangulnr comer of another brick, and hy press* 
it down upon llie soft <^Ia.y, left behind it the triangu- 
lar murk whicti the cuneiform character extiibils. Sucb- 
nmrks repealed, and placed in different relations to each 
ittther, would readily represent any number. From the 
Upe of the comer of a brick in writing, the transition v 
easy to a pointed sticli with a triangular end, by the usQ 
of which all the cuneiform chai-aclers can readily be pro 
duced upon the soft day. Tliis cun'ous qucsiion formed 
Hie subject of an interesting paper read by Mr. Nasmylb 
G the British Association at Clieltenham. 
But the most cngiwsing of Mr. Nasinyth's later pui^ 
luiis has been the science of nstranomy, in which, by 
bringing a fresh, original mind to the ohsen-ation of 
Klestial plienomeno, he has succeeded in making t>oina 
t remarkable discoveries of our time. Aslroa-; 
Omy was one of hia favorite pursuits at Patricroft, and on 
jbia retirement beeame liis serious study. By repeated' 
libBCrvationa with a powerful reflecting telescope o 
•a consti'uction, he succeeded in making a very carefid 
3 minute painting of the craters, cracks, mountains, and 
ralleys in the moon'a surfiice, for which a Council Medal 
ras awarded him at the Great Exhibition of 1851. But 
'je most striking discovery which he has made by meaiu 
f bis telcsco|)e, — the result of patient, continuous, i 

!tic observation, — has been that of the nature of 
8 Buu^ Burfacc, and the eharncter of the extraordinary 
ight-giving bodies, apparently possessed of volunloi'y mo- 
across it, sometimes fonning spots or hollows 
Bf more than a hundred thousand miles in diameter. 
The results of these ohseiTalions were of so notn 
Acter that astronomers for some time hesitated to 
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ceive them as factp.* Yet so eminent an astraaiomcr as 
Sir John Ilei'flchol does not hesitate now to describe them 
as "a ino.st wonderful discovery." ^According to Mr. 
Nasni YtU's ohsorvations," says he, " made with a very fine 
teltfM.t)pe of hU own making, the bright surface of the son 
consii^ts of svpanito, insulated, individual objects or thingSy 
nil nearly or exactly of one certain definite size and shape, 
wliieh is more like that of a willow leaf, as he describes 
them, than anytliincr else. These leaves or scales are not 
ari*un;j;ed in any order (as those on a butterfly's wing are), 
but lie crossing one another in all directions, like what ar^ 
called spills in the game of spillikins; except at the bor^ 
ders of a siK>t, whei-e they point for the most part inwards 
towards the middle of the spot,t presenting much the sort 
of apiH'aran(T that the small leaves of some water-plants 
or sea- weeds do at the edge of a deep hole o* clear water. 
Tiie exceedingly definite shape of these objccvi, their exact 
similarity one to another, and the way in which they lie 
across nnd athwart each other (except where they form a 
sort of bridge across a spot, in which case they seem to 
aifect a common direction, that, namely, of the bridge 
itself), — all these characters seem quite repugnant to 
tlic notion of their being of a vaporous, a cloudy, or a 
fluid nature. Nothing remains but to consider them as 

* Sco ^femoirs of the Literary and Philosophical Society of ifan- 
ch''8ter^ 3(1 series, Vol. I. 407. 

t Sir John llerschel ndds: *' Spots of not Tory irregular, and what 
niMv 1)0 cnllod conipact form, covering an area of between seven and 
ri^ht hundred millions of square miles, are by no means uncommon. 
Olio spot whicli I measured in the year 1887 occupied no less than 
thi-oe thousand seven hundred and eighty milHon^, taking in all the 
inc(;uIuritiesof its form; and tlie blaclc space or nucleus in the middle 
of one very nearly round one would have allowed the earth to drop 
through it, leaviii;^ a thousand clear miles on either side; and many 
iustances of much larger spots than these are on record.** 
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separate and independent sheets, flakes, or scales, having 
some sort of soliditj. And these flakes, be they what 
they may, and whatever may be said about the dashing 
of meteoric stones into the sun's atmosphere, &c., are evi- 
dently the immediate sotirces of the solar ligfit and heat, 
by whatever mechanism or whatever processes they may 
be enabled to develop, and, as it were, elaborate these 
elements from the bosom of the non-luminous fluid in 
which they appear to float. Looked at in tliis point of 
Yiew, we cannot refuse to regard them as organisms of 
some peculiar and amazing kind; and though it would 
be too daring to speak of such organization as partaking 
of the natui'e of lite, yet we do know that vital action is 
competent to develop heat and light, as well as electricity. 
These wonderful objects have been seen by others as well 
as Mr. Nasmyth, so that there is no room to doubt of their 
reality." * 

Such is the marvellous discovery made by the inventor 
of the steam-hammer, as described by the most distin- 
guished astronomer of the age. A writer in the Edin- 
burgh Review, referring to the subject in a recent number, 
says it shows him " to possess an intellect as profound as 
it is expert" Doubtless his training as a mechanic, his 
habits of close observation and his ready inventiveness, 
which conferred so much power on him as an engineer, 
proved of equal advantage to him when laboring in the 
domain of physical science. Bringing a fresh mind, of 
keen perception, to his new studies, and uninfluenced by 
preconceived opinions, he saw them in new and original 
lights ; and hence the extraordinary discovery above de- 
scribed by Sir John HerscheL 

Some two hundred years since, a member of the Nas- 

• 

* Sir Johh Hebschel in Good Wordg for April, 186S. 
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CHAPTER XVI. 



ipeiimfiDUlly u&Lattakr 



let depuUDeril 



Tub development of tlie meclmnical indiislry of Eng 
and haa beeo ao rapid, eapeKliiUy aa regards tlie wonden 
leliievcd by the mucliiue-tixila above referred to, tbat i 
nay almost be said to have l)cen accomplished williin tin 
ife of tlie preaent generation. " When I first entore^ 
hia citj," said Mr. Fitirbaii'i). in his inaugural address s 
[^resident of the British Association at Manchester ill 
1861, " the whole of the mafhinery was executed bj 
nnd. There were neither planing, slotting, nor ahapii^ 
OKchmes ; and, with the exception of very imperfect 
■thes and a few drills, the preparatory operations of coo" 



jcted c: 



rely by the hands of the « 



How, everytiiing im done by machine-tools with a' 
ree of accuracy wliieh the unaided bund could nevef 
tnplish. The automnlon or self-acting machi 
I within itself an almost creative power ; in i 

Is [lowera of whiptation, that there is no opera- 
a of the human hand that it does not 
I letter to the aulhov. Mr. l-'aitbaiin says, 
ifoDeerB ol' machine-tool-making were Maudslny, Murruj 
fhtoii, Clement and Fok of Derby, who were abl] 
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follon-ed by KasmTth, Roberts, and Wliilwortb, of Man- 
diesier, nnJ Sir Ptier Fiiirliiiim of Leeds"; and Ur. 
Fairkiirn iniglil well liavu addfil, by liiiiisiill', — for he 
liaa litcn one of tlitt moet ioflutintinl and Buccdasful of 
nicdiaiii(!ul engu^ecrs. 

William Fairbalm was bom at Kelso on the 19th of] 
February, 1787, Uis parents occupied a humble but 
Bpeelable [losition in life. His father, Andrew Faii'baiml 
wns tbe son of a gardener in tlie employment of 11 
Baillie qf Mellerston, and lived at Sniailholm, a villagj 
lying a few miles west of Kebo. Tracing the Faii-bfur 
still further bai'k, we find several of ttiera occupying tl( 
Bliiiiiiii of " povtionem," or small lairds, at EarlatoD 
the Tireeii, wliere the family bad been settled 
days of tbe Solemn League and Covenant. By 
mother's side, the aubjei^t of our memoir is supposed 
be descended from tbe aiiuient Border family of I)mi£ 

While Andrew Fairbaini (William's fwther) ^vtA iH' 
Smnilholm. Walter Scott was living with bis 
in Smnilliobn or Sandyknowe Tow*er, whitlior ha 
been sent from Edinburgh in the hope tliat t^ange of afr 
would help (ho cure of his diseased hip-joint j nnd iU- 
drew, being nine years his senior, and a strong yoatlt far 
his fige, wits accustomed to carry tbe little patient abmt 
in his arms, until he was able to walk by himself. At a 
later pei'iod, when Sliss Scott, Walter's aunt, removed 
fi-om Smailbolm to Kelso, the intercourse between the 
families was renewed. Scott was ilien an Edinburgh ad- 
Tociite, engaged in collecting materials for his Minstrel^ 
of the Scottish Border, or, as his aunt dcseiibcd bis pur- 
suit, " running after tbe auld wives of the country gath- 
eriu' havers." lie used frequently to read over by this 
firesido in the evening the results of bis curioua iudusliy, 
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^^^^oweTel■, were not very grently appreciated by iitB 
r --it rolatiTi:a ; and they did not Bcnii>le to declare, 
f tor the " Advocate " Ifl go about collecting •■ ballanls " 
^ mere waste of time as well aa money. 
P" ilUiUtt Fuirbnmi'a firet schoolmaster was a decrepit 
li man who wt-nt by the name of " Bovied Johnnio 
fer," — a Cainevotiiiin, with a nnsal twang, which liia 
n>tla lesrnt much more readily titan tliey did his leesons I 
ft reading and arithmetic, notwithstanding a liberal use , 
W ■* the trnv^." Yet Johnnie had a tuste for music, and 
iMij^t liis pupila lo liny their reading lessons, wliich waa 
reckoned quite a noveilty in education. Ai\er a sliort 
■Eoe our scholar was Irantiferred lo the parisli-echool of 
■e town, kejit hy a Mr. White, nhere he waa pluL-ed im- 
Br Iho charge of a rather auvei'e helper, who, instead 
■ the tawse, adminiaturud d!scj]iline by means of his 
■uekles, hard 00 horn, wliich he applied wilh a peculiar 
M: to the crania of liis pupils. At this school, Willio 
Hdrbaim lost the greater part of (he eiuging accomplish-^ 
pHttfl wliich he had acquirt'd under " Bowed Johnnie," 
■It he learnt in lieu of them to read from Scott and Bar- 
k's collections of prose and poetry, while he obtained 
ki6 knowledge of aritlimetic, in which he proceeded as 
m U itmctico and tlie rule of three. This conatituted 
BVrhole stock of Bchool-leiiming up to his tenth year. 
Hi of Bchool-honra he leaiiit to climb the ruined walla 
r l&e old Abbey of iho town, and there was scarcely an 
Mh or tovifT or critnny of it with which lie did not 
Knme fjtmiliar. 

■■Wlien in his twelfth year, his father, who had been 1 
BM^rt up to fann-work, nnl possessed considerable proc- J 
■a] knowledge of agricultui-e, waa ofTera) the charge of aa 
pm 8t Moy in RodS-sliive, belonging to Loi'd Seoforth of 1 
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Bnihan Castle. The fann was of about three hundred 
acres, situated on the banks of the river Conan, some five 
miles from the town of Din^^wall. The family travelled 
thither in a covered cart, a distance of two hundred miles, 
through a very wild and hilly country, arriving at theii 
destination at the end of October, 1799. The farm, when] 
reached, wtis found overgrown with whins and brushwoodii 
and covered in many places with great stones and rocks 
it was, in short, as nearly in a state of nature as it wi 
\yoss\h\(i to be. The house intended for the farmer's 
ception was not finished, and Andrew Fairi)aim, with 
wife antl five cliildi*en, had to take temporary refuge in 
miserable hovel, very unlike the comfortable hous^whieb 
they had quitted at Kelso. By next spring, however, thfi 
new house was ready ; and Andrew Fairbaim set vigo^ 
oiisly to work at the reclamation of the land. After 
about two yeara' labors it exhibited an altogether ^■■ 
ferent appearance, and in place of whins and stones 
there were to be seen heavy crops of barley and tumipe* 
The barren ^ears of 1800 and 1801, however, pressed 
very hardly on Andrew Fairbaim as on every other far- 
mer of arable land. About that time, Andrew's brother 
Peter, who aeted as secretary to Lord Seaforth, and 
through whose influence the former had obtained the 
farm, left Brahan Castle for the West Indies with his 
Lords^hip, who, — notwithstanding his being both deaf 
and dumb, — had been appointed to the Grovemorship 
of liarhadoes ; and in consequence of various difficulties 
which occurred shortly after his leaving, Andrew Fair- 
bairn found it ne(;essary to give up his holding, where- 
upon he cngtiged as steward to Mackenzie of Allengrange^ 
with whom he remained for two years. 
While the family lived at Moy, none of the bojs ireri 
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put to Bchiiol. They could not be spared from the foiro 
and the hou^^holi]. Those of them that could not worfe 
^etd were wnnted to bclp to nurse llio younger cliilclres 
at liome. But Andrew Fuirbnirn poeseesed a great treas* 
wife, who was a woman of murh energy of 
character, setting bsforo lier children an example of 
patient industry, thriii, discreetness, and piety, which: 
)uld not fail to exercise a. powcrl'ul influence upon tltem 
I alier-Iife ; and this, of itself, was an education wliii:h 
probably far more than compensated for the boys' loss of' 
ecliool-culture during tlieir life at Moy> Mrs. Fairbaint 
span and made all ike children's clolhes, as well as thO' 
jlanketa and sheeting; and, while in the Highlands, sho 
lot only made her own and her daughters' dresses, ani 
ns' jackets and trousers, hut her husband's coats 
listcoals ; besides helping her neighbors to cut out' 
beir clotliins for family wear. 
One of William's duties at home was to nurse hia' 
ninger brother Peter, then a delicate child under two 
m old, and to relieve himself of the labor of carrying 
|ini about, he be^an the construction of a little wagon 
Aich to wheel him. This was, however, a work of somef 
ifilcnlty, as all the tools be possessed were only a knif^f 
, gpintet, and an old saw. With these implements, a> 
aece of thin board, and a few nails, he nevertheless cod 
rived to make a tolerably serviceable wagon-body. Ili 
hief difficulty consisted in making the wheels, which b 
ontrived to surmount by cutting sections from the stem 
f a small aider-tree, and with a reJ-hot poker he boreil 
be requisite holes in their centres to receive the axle. 
!%a wagon was then mounted on its four wheels, and t 
he great joy af its niiikur was found to answer its put 
ICM admirably In it he wheeled his little brother,— 
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aftenvards \rell known as Sir Peter Fairbairti, mayor of 
Leeds, — in various directions about the farm, and some- 
times to a considenible distance fVom it ; and the rehicle 
was regarded on the whole as a decided snccess. His 
father encouraged him in his little feats of Construction 
of a similar kind, and he proceeded to make and rig 
miniature boats and ships, and then miniature wind and 
water mills, in which last aft he acquired silch expertness 
tliat he had sometimes five or six mills going at the same 
time. The machinery was all made with a knife, the I 
waterHspouts being formed by the bark of a tree, <did the \ 
millstones rcpreser.uki by round discs of th6 same mate- 
rial. Such were the first constructive efforts of the future 
millwright and engineer. 

AVhen the family removed to Allengrange in 1801, the 
boys were sent to school at Munlachy, about a mile and 
a half distant from the farm. The school was attended 
by about forty barefooted boys in tartan kilts, and about 
twenty girls, all of the poorer class. The schoolmaster 
was one Donald t'razer, a good teacher, but a severe dis- 
ciplinarian. Under him, William made some progress in 
reading, writing, and arithmetic ; and though he himself 
has often lamented the meagreness of his school instruc- 
tion, it is clear, from what he has since been enabled to 
accomplish, that these early lessons were enough at all 
events to set him fairly on the road of self-culture, and 
proved tlie fruitful seed of much valuable intellectual 
labor, as well as of many excellent practical books. 

Afler two years' trial of his new situation, which was 
by no moans satisfactory, Andrew Fairbaim determined 
again to remove southward with his family ; and eelfing 
off everything, they set sail from Cromarty for Leith in 
June^ 18Qj^. ILiving seen his wife and children tempo- 
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kkarilj eetdod at l^elso, he looked out for a situation, and 
irtly tiller proce^iled to unJertako the manageinent 
Sir William Ingleby's fiinn at Eipley in Yorksliire. 
kciinwliile Williiim was plau^d for Ilii-ee montlia under 
llie charge o? liis UDcle William, tlie pnrisli eclioolmuster 
of Gulasliida, for the purpaso of receiving instiuction in 
book-keeping Hnd land-survejing, from wlticli he dei'ivcd 
co:iBideraljle benefit. Ho could not, however, remnin 
at BchocJ ; for being of ilie age of fourteen, it iv»3 
ibought neceasai-y that he should be set to work without 
furthiir deltiy. Ilia first employment was on the 6ne neir 
bridge at Kelso, then in course of coiisLj'uction aflur the 
designs of Mr, Eennie ; but in helping one day to cai-ry 
R bandljQrrow load of intone, liis Btreugth proving insuffi- 
int, he gaye way Tinder it, and the stones fell upon liim, 
t of tlicm indicting a serious wound on bis leg. which 
it liim a. cripple for montlix. In tlie mcao time IiIb 
being dissatisfied with liis prospeels at Ripley, 
ipled the appointment of miuinger of the Percy Main 
Company's farm in the ncigliborhood of Ntwcas- 
■Tytm, wliitber be proceeded with his family towiinlt 
end of 1803, WUIiam joining tijem iu ihe foUoiviug 
^ruary, when the wound in his teg had sulSdenlly 
lied to enable him to travel. 

Percy Main is situated within tnti miles of Xorth 
iulds, and is one of Ihe largest callieries in tliat dis- 
it. William was immediattly set to woii at the col- 
ly, Ilia fii'St employment being to lead cuiils from he- 
ld the screen to tlie pitmen's houses. His Seoidi 
»nl, and perlmjis Ids awkwardness, exposed biui (o 
ii:li nnnoyniice fi'om the " pit lads," who were a lery 
igli and pr<>fligale set; and as boxing was a favorilo 
KioB «inoag them, our youth liod to fight lua way to 
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their respect, passing through a campaign of no less than 
seventeen pitched battles. He was several times on the 
point of abandoning the work altogether, rather than un- 
dergo the buffet ings and insults to which he was almost a 
daily martyr, wlicn a protracted contest with one of the 
noted boxers of the colliery, in wluch he proved the vic- 
tor, at length relieved him from further persecution. 

In the following year, at the age of sixteen, he was 
articled as an engineer for five years to the owners of 
Percy Main, and was placed under the charge of Mr. 
Robinson, the engine-wnght of the colliery. His wages 
as apprentice were Ss. a week ; but by working over- 
houi-s, making wooden wedges used in pit-work, and block- 
ing (Hit segments of solid oak required for walling the sides 
of the mine, he considerably increased his earnings, which 
enabled him to add to the gross income of the family, who 
were still struprfjjliiio: with tlie dilficulties of small means 

CO o 

and increasing expenses. When not engaged upon over- 
work in the evenings, he occupied himself in self-educa- 
tion. He drew up a scheme of daily study with this 
object, to which he endeavoi'ed to adhere as closely as 
possible, — devoting the evenings of Mondays to men- 
suration and aritlmietic ; Tuesdays, to lustory and poetry ; 
Wednesdays, to recreation, novels, and romances ; Thurs- 
days, to algebra and mathematics ; Fridays, to Euclid and 
trigonometry ; Saturdays, to recreation ; and Sundays, to 
church, Milton, and recreation. He was- enabled to ex- 
tend tlie range of his reading by the help of the North 
Shields Subscription Library, to which his father entered 
him a subscriber. Portions of his spare time were abo 
occasionally devoted to mechanical construction, in which 
he cultivated the useful art of handling tools. One of his 
first attempts was the contrivance of a piece of machinery 
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y & weight nml a pentlulum, that shouM 
e serve for a timepiece and an otrt-ry ; but liii 
■want oF means, ns well as of lime, prevented Iiim pros© 

ice to completion. He was mort 
cessful with the construction of a fiJdIe, on wliidi h. 
aml)itinus to hecome a performer. It must have been a 
^emblu instrument, for a professional pluyer offered Jiii 
jOiHuF it. But though he succeeded in making a £ddl< 
^■y'ftr Bome timo persevered in the attempt lo play upo 
^fCK^dnot succeed in producing any Biitisfactory meli 
ody, and at length gave up the attempt, convinced thalf 
e hod not intended him for 



* Inonjc hl\tr. nhen msiried itnd settled at Manchester, the Ritd1«,j 
liich bad l>een rnnrutly prexened, w»a tiiken 6ava from the ehelf > 

Iswed with It, the inBlrameiit wns never brought from its pleci 
Itcrentln^ nbinn in the mini] or their motlier lent nnyliody 

W it. At length a danciiiE-niniiler, who wos (tlvinR le^Hini 

tighborhood, horrowed tlie fiddle, and. lo the greBt relief of 111 
mtly, it waa never remmed. Many years later, Mr. Fuirbalm iri 
Swnt at the starling of a cotton-mill nt Wesserling; hi Alea 
pgilig tn lleura. Cros, Deval, and Co., fin- vhicii his Mam 
IB lud provided the inill-ivork and wster-wheel llhe first erected fA 
HUUH on ihe snspension principte], wtien the event vms followed b; 
Itol«rt»lnment. Dnring dinner Mr. Fairbalni hud bean ejplainli' 
r.H. GroK, nho ?pnke a little Kiiftlieh, Ihe nature of honiB-brewi 
t(r, which he much admired, having lasted it when in Knglnn 
Iw dinner was followed liy masic, in t!ie performance of which tl 
bit WmBBlf took part; and on Mr. Fairbaini'B admirlnK hi* executii 
violin, M. Groi asked him if ha played. " A little," was Hife 
nncoatclouB reply. " 1'hen yua must bare the goodi 
hy «ime." and iha Instrument was in a moment placed In his handiC 
nlAt urgent reqnost* from nil fides that he shonld piny. Th( 
B alteniHtlve; bo lie proceeded to perform one of bis beat n 
Tta Keal Bow." The compilny llnroiicd with iMnniement. B. 
teftnBcr*a citreer was suddenly cat FhorC by the hoat e xcluin 
tatwp of his voice, "Stop, slap. Monsieur! by gar, that be 
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III due course of time our yoong engirwer was removeil 
from tlie worksliop, and afipointed lo Uike cli.irge of ilie 
pumps of lliQ minu nnd tiio stcam-engiDC hy whicli they 
were kept in woit. This em^jloymoiit wns more t 
taste, guve bim bcKer " insight," ami afforded him g 
opportunities for iinprovemeDt. The work v 
very trying, and at times severo, especially in wioter, the I 
enghiecr hcing liaLle to be drenched wiUi water cveryJ 
tirau that lie descended the altaft to regulate the n 
of the pumps j but, tlianks to a stout eonMiimioii^ lie borol 
tJirough these expoanrea without injury, thtmgh olhorsBl 
Book under them. At this period he had the advai 
of occasional days of leisure, lo which he wna entitled hy^ 
reason of his niglit work ; and during such leisure liB 
usually applied himself to reading and study. 

It was aiiout this timo tiiat William Fairbaim made 
tbe acquaintance of George Stephenson, white llie laHer 
was employed in working the halhiat-engine at WiUiiigtoc 
Quay. lie gi'eatly admired George as a workman, and 
was accustomed in the summer evenings to go ovei'totfae 
Quay occasionally and take chrtrge of George's engine, to 
enable him to earn a few shillings extra by heaving 1«I- 
last out of the collier vess^. Siepfaeneon's ze^ m th« 
pursuit of mechanical knowledge probably was not with- 
out its influence in stimulating William Fairbairn him-^elf 
lo carry on so diligently the work of self-culture, Bui 
little could the latter hav« dreamt, while serving his ap- 
prenticeship at Percy Main, that his friend George Ste- 
phenson, the hrakeaman, should yet be recognized ai 
among the greatest engineers of his nge, and that he 
himself should have the opportunity, in his cnpaciiy of 
President of the Institute of Mechanical Engineers at 
Kowcastle, of making public aekiiowledgment of ths 
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iTfunitlea [ov education which ho had enjoyed i 
t neighborliood in liia early years.* 

Having finished his five jonrs" appronliceship at Percy 
I, hy wliich time he had reaiihed liis twenty-first yea^ 
yVilUam Faii'liaim sUortly after determined to go Ibrtlj. 
into the world in search of experience. At fs'ewcaatlsi 
lie found employment as a millwright for a few wccks^. 
duiing which lie worked at the erection of a Biiw-mill in. 
tlie Gose. From tbence he went to 13cd)ii)£ 
^advanced wage. He remained there for six montliB, dur- 

g which he was so fortunate as to make tlie ncqumnti 
ance of MisB Mar, who five 3'cars after, when Ids wander* 
jagg had ceased, became bis nife. Oti the completion ot 
ibe job on which he had been employed, our engin< 

repared to make another change. Work was diificul^ 
.to be had in the Nottli, and. joined by a comrade, h^ 
reeelved to try liis fortune in London. Adopting th^ 
chcapeet route, he took passage hy a Shield* collie 
nhiuh he saileil for the Thames on the lltb of Decem- 
^r, 1811. It was then war-time, and the vessel wai 
ytty ahoi't'hajidod, the orew consisting only of tluee ohl 

• " AKhmipli notiuintlvB of Kewcnitle," ho then »Biii, '' he oweij 
IfiniMl everyrhiiig to NewcHotle. He got Hie miliineiit? ur hiM eiliicft>r 
n rbere, eiicb as it vaf, null llint Rm (siirnRtJiiiig like Ihul of bA 
remd pFBdeowaor George Stephenaon) Ht n colliery. Ha wns limngM 
H m eiigiiiror M llie Pcray Muin CaUiar} 
MS< and ir It hail not been Tor the apportuiiitliH he Iheti eiu'oyecLi 



niher with Ihe 



libmri- Ht North Shieldf, 
hnTe bepn Ihere to iddress thnti. Beinj^ rair-titiif^it, birt 
lltde ambition, aiiiI n determlnatlan to improre liinin 
n ennbled to ttnnd befors Iheni witli »iin« preteitaioni 
hnowleilj!?, and Ihe jKraunalon tlint he hnd been it uael 
to precticHl science And Objects coniiecied With mcchetilc 
." — SerHig of Uie SmmOate •/ Medumkal iiigmaM . 
n-Tynr. l&oS, 
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men and three boys, with tlie skipper and mate ; so thai 
the vessel was no sooner fairly at sea than both the pas- 
senger youths had to lend a hand in working her, and this 
. continued for the greater part of the voyage. The weather 
was very rougli, and in consequence of the captain's anx- 
iety to avoid privateers, lie hugged the shore too close, 
and when navigating the inside i)assage of the Swin, be- 
tween Yarmouth and the Nore, the vessel very narrowly 
escaped shipwreck. After beating about along shore, the 
captain half drunk the greater part of the time, the vessel 
at last reached the Thames, with loss of spars and an 
anchor, after a tedious voyage of fourteen days. 

On arriving off Black wall the captain went ashoro 
ostensibly in search of the Coal Exchange, taking, our 
young engineer with him. The former was still under 
the influence of drink ; and though he failed to reach the 
Exchange that night, he succeeded in reaching a public 
house in AVapping, beyond which he could not be got. 
At ten o'clock the two started on their return to the ship ; 
but the captain took the opportunity of the darkness to 
separate from his companion, and did not reach the ship 
until next morning. It afterwards came out that he had 
been taken up and lodged in the watch-house. The youth, 
left alone in the streets of the strange city, felt himself in 
an awkward dilemma. He asked the next watchman he 
met to recommend him to a lodging, on which the man 
took him to a house in New Gravel Lane, where he suc- 
ceeded in finding accommodation. What was his horror 
next morning to learn that a whole family — the William- 
sons — had been murdered in the very next house dur- 
ing the night! IMaking the best of his way back to tho 
fillip, he found that his comrade, who had suffered dread— 
flilly from sea-sickness during the voyage^ had nearly 
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^^^^^feJ, nil 3 iras able to accompany biro into tlie a'fr| 
1^ eart-li of work. Tliej bad between tb 
I y about eigbl pounds, so Ibat it iras nccessnry for thci 
m take immediiite etepa to obtuin employment. 
m They thought themselves fortunate in getting the pro 
■ Se of" a job fram Mr. Rennie, the celebrated e 
■^Wliose works were situated nt the south end of Blucklrini' 
KBridge. Mr. Rennio sent the two young men to bia fbre- 
linan, with the request that he should set them t'i work. 
^nlie foreman referred them to the fecrelary of the Will- 
Hnrighl's Society, the shop being tilled with Uni 
Hhrho set their shoulders together to exelude those of thai 
^■miKrade, however skilled, who eoiild not produce c 
^^^^Btliat they Imd complif^d with the rules of the trade. 
^^^^Btnng bis lirst expei'ienee of London Unionists, nearly 
H^^jTcenlary later, befbie an assembly of w 
^Bra'by, Mr. Fnirbairn snid, " When I first entered Loi^ 
Bon, a young man fivm the country had no chanee v 
HVer of sueresa, in consequence of the trade guilds n 
Bfnione. I hrtd no diftieulty in finding employm 
^pAii« I could begin work I had to run the gauntlet of 
^B«' trade societies; and after dancing attendance for 
^pRt'ly six weeks, with very little money in my pocket, 
^■ra Iiaring to 'box Harry' all the time, I was ullimaiely 
^pi^tfed illegitimate, and sent ndrifl to seek my fortune 
^B*Wirhero. There were then three millwright societies ir-g 
^FOndoD! one called tlie Old Sodely, anolber llie XeiH 
^Bwiely, and a third the Independent Society. I'hesfl 
^pcititiea were nnt founded for the protection of the trad^B 
^P'lt for Ibe miiintenanpc of high wnges. nnd for Ihe etcljfl 
^V0<1 of all those \\'lio could not assert their claims to tv(H^| 
^VllX«ndon and otiicr corporate towns. Laws of a motH 
HprMlrary character were enforced, and they were governp^H 
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by cliques of BcIP-a^pointcd officers, wlio never failed to 
take care of llieir own interests." ■ 

Tlieir fu-st application for lenve to work in London , 
having thua diaastrouBly ended, tie two youtlis deter- 
miiiC'd to try their fortune in tlie counlry, and with ttcL- ' 
Ing benrta tliuy slaiied next morning before daj-ligliL 1 
Their kopee Lad hecD Huddenly cruaLed, ilieir slander I 
funds vere nearly exhuistcd, and tlicy scarec knewfl 
nhere to turn. Hut tbcy set their faces bmvely north-l 
ward, imd puslied along the high rotul, tUrongh elueh andl 
Bnow, as frtr as Hertford, which Ihcj- reached after nearljl^ 
eight hours* ivall'-ng, on the moderate fare during tlie! 
journey of n penny roll and n pint of ide each. Thougl 
v(it to the skin, tlicy immediately sought out a oiasleF- 
millwright, and apjiiied for work, lie eaid lie had no job 
vacant at pi-eaent ; but, seeing their sorry jdight, he had 
compassion upon them, and auid, " ThougJi I cannot give 
you employment, you seem to he two nice lada " ; aiid Ite 
concladed by offering Fairhaim a. hall^rown. But liia 
proud spirit i-evolted at taking money whieli Ite had not 
earned ; and he declined the jHvffered gift with thanks, 
Baying he was sorry they could not have woik. He then 
turnetl awny from the door, on which his companion, 
mortiHed by hia refusal to accept the Jiall^;n>;vQ at a 
time when they were reduced ahnost to their last penny, 
broke out in bitter remonstrances and legrels. Weaiy, 
wet. and disheartened, the two turned into Hertford duircl^ 
yard, and rested for a wliile upon a toinletono, Fairbiurn'B 
com|«uiion relieving himself by a good erj-, and occiisional 
angryoutbursisof " Whydid n't you take ihebalf^rown?" 
" Come, come, man ! " said Fairbairn, " it 's of no use cry- 
ing; cheer up; let's try another road; somclLing must 

• Zirjia ftfirmalimjir Eagimen, Sd i«riM, 1880, p. 311. 
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I9t np." They rose, and Bct out again, but wIito 
•-y roaclieil llje biidge, the dispirited youth again brolq 
»Wn J and, loaniiig Lis back against tbe parapet, eait l 
I wiima gang a Wt further ; lut 'e get back to London." 
tAgBinsl this Fttii'ljair» remonBd'aled, Baying, '■ \ 
«8e lamenting! we must try wliat we can do here; if the 

rhc worst, we can list ; you are 
eliap, — tiiey '11 goon take you ; and as for me, I 'II joio 
\ooi I tbiiik I could figiit a bit." After \\m council of 
war, tite piur determined to Rnd lodgings in the town for 
bhe night, and begin tbeir search for work tuiew o 
taorrow. 

Next day, when passing along one of the book streeti 
(f Hertford, they came to « wbedwTight'a g!iop, where 
Uiey made llie usual iririuifies. The wheelwrigiit said 
that he did not think fbero was any job to be liad 
4owii ; birt if the two young men pushed oa tii ChefihuKl, 
^ tliought Ihey might lind woi'k at a 1^'tnI]mill which was 
vnder contract to be Jinislied in three weeks, and wliers 
} millwright wanted hands. Here was n glimpse of 
liope at last; and the strength and spirits of both revivcit 
1 an instant. They set out immedialely ; walked ihs 
leven miles to Chesliuiit ; succeeded in oblaining the «:*•' 
pected employment i woi-ked at the job a fortnight ; and 
filtered London again with nearly three pounds in tlide. 
Diaoketg. 

Our young millwright at length aucccoded in obtainii^ 
fegular cmploymeiit iu tlie metropolis at good witges. Ila, 
IMrked first at Grundy's Patent Roj«rj- at Shadwell, 
lAnrwards at Mr, Penn'a of Greiinwieh, gaining 
nhable insight, and sedulously improving bis mind 
Birfy in his leisure hours. Among the ncquaintan(«s 
Ihiin made was an cnihusiastie projector of the name 
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Hall, who had taken out one patent for making hen^* 
from bean-stalks, and contemplated taking out another 
for effecting spade tillage by steam. Tlie young engineer 
yras invited to make the requisite model, which he did, 
and it cost him both time and money, which the ont-at- 
elbows projector was unable to repay ; and all that came 
of the project was the exhibition of the model at the 
Society of Arts and before the Board of Agriculture, in 
whose collection it is probably still to be found. Another 
more successful machine, constructed by Mr. Fairbaim 
about the same time, was a sausage-chopping machine, 
which he contrived and made for a pork-butcher for 83^ 
It was the first order he had ever had on his own ac- 
count; and, as the machine when made did its work 
admirably, he was naturally very proud of it The ma- 
chine was provided with a fly-wheel and double crank, 
with connecting rods which worked a cross head. It con- 
tained a dozen knives crossing each other at right angles, 
in such a way as to enable them to mince or divide the 
meat on a revolving-block. Another part of the appara- 
tus accomplished the filling of the sausages in a very 
expert manner, and to the entire satisfaction of the pork- 
butcher. 

As work was scarce in London at the time, and our 
engineer was bent on gathering further experience in 
his trade, he determined to make a tour in the South of 
England and South Wales ; and set out from London in 
April, 1813, with 11, in his pocket. Ailer visiting Bath 
and Frome, he settled to work for six weeks at Bathgate f 
after which he travelled by Bradford and Trowbridge — 
always on foot — to Bristol. From thence he travelfeJ 
through South Wales, spending a few days each at New? 
nort, Llandaff, and Cardiff, where he took ship for Dubhii 
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By the time lie renched Ireland liis means were all but 
exhausted, only lliree liBllpenee rcmninin^ in his pocket, 
but, being young, hopeful, skilCul, nnd iniluetrious, lie was 
light of heart, nnd looked elieerfiilly forward. Tlie nvx, 
Hay he succeeded in finding ennploi'ment at Blr. Robiit 
son's, of the PlncniK Foundery, where he waa put to worl 
at once upon a set of imlterna for some nail-marhiiiery 
llr. Rohinson waa a man of spirit and enterprise, and 
ing the quantilies of English maehine-made nails im 
ported into Ireland, he was (lesirious of giving Irish indirt 
try the benefit of the manufacture. The construction ol 
the nail-mating tnaehinery occupied Mr. Fnirbnim tta 
entire summer ; and on lis completion he set eail in thl 
month of Oclober for Liverpool. It may be added, thai 
notwilhstonding the expense ineuiTcd by Blr. UoliinsM 
[n setting up the new nail-machinery, his workmen threat 
Inied him witli a strike if he ventured to u?c it. As he 
could not brave the opposition of the Unionists, then alU 
powerful in Dublin, the machinery was never set tow 
the nail'making trade le(\ Ireland, never to return ; anj 
Aie Irish market waa tlieneefonvard s n 

^sh-made nails. The Dublin iro u ' 

B same way; not through wa nd i 

igea, but solely by the prohibitory mi n n i 
ythe workmen of the Trades' Uiiio 
■ JunveA at Liverpool, after a voy wo d yi 

rhlch waa then considered it fair passage, — our engiai 

Blnnchcflter, which bad already become tlM 
niDcipal centre of manufacturing operations in the Nortt 
|f (England. As we have already seen in the memoirt 
f Naemyth, Roberts, and Whitworth, Blanchester ofTeroj 
;nat attractions for highly-skilled mechanics ; and it 
t fortunate for Manchester as lor William Fairl 
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liiiuMt, tlmi he ttottlod down there as a working m^U. 
^\n*«lit in tiio yoar 1814, bringing with him no capital, 
Imt an nhuuiUmti of cnoi^v, skill, and practical cxperi- 
t'ntv in his trade. Aftei-waixls describing tlm character- 
i,siiw of tlic millwriglit at that time, Mr. Faiibairn said, 
** In those days a good millwright vras a man of large 
i-esources; lie was generalljr well educated, and could 
draw out his own designs and work at the lathe ; he had 
a knowledge of mill machinery, pumps, and cranes, and 
could turn his hand to the bench or the forge with equal 
adroitness and facility. If hard pressed, as waa fre- 
quently the case in country places far frofm towns, he 
could devise for himself expedients which cnaUed him to 
meet special requirements, and to complete his Work 
without assistance. This was the class of men with 
wliom I associated in early life, — proud of their caUing, 
feitile in resources, and aware of their ralue in a ebtiatrj 
wliere the industrial arts wei-e rapidly developing. " * 

When William Fairbairn entered Manclioster he was 
tweniy-four years of age ; and his hat still " covered hit 
family." But, being now pretty well satiated with hii 
" wanderschaft," — as German tradesmen term tlieir stage 
of travelling in search of tnide experience, — he desir^ 
to settle, and, if fortune favored him, to marry the object 
of his affections, to whom lus heart still faithfully turned 
during all his wanderings. lie succeeded in finding em- 
ployment with Mr. Adam Parkinson, remainifig with him 
for two years, working as a millwright, at good wages. 
Out of his earnings he saved sufficient to furnish a two- 
roomed cottage comfortably ; and here we find him fairly 
installed with his wife by the end of 1816. As in the 

• Lect^ire at Derby,— Useful Information for Enginetrs^ 2d Berioa, 
1I.21S. 
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I thoughtful turn, marilngo seiTe 

oiily to settle our eugiueer, but to Btiuiulate liiiii t 

I ~T« energetic Hction, He now bc^an to aim at takiq 

I higher position, and entbrtaineil tlie amhilion of begi« 

g businesa ou his own account. One of Iiis (ivst efTori 

» tiiis direction waa the pi-epnration of tlie design of I 

DSt-ii-on bridge over the Irwcll, at Black friara, i'<H- wli 

ize was offered. The attempt was unsuccessful, i 

me bridge waa eventually decided on ; but tiie effort 

was creditable, and proved the beginning oi' man; 

designs. The ili'st jub lie exeeutcd oa bis own uccuuii 

was the erection of an iron consei'vatory and hothouse la 

Mr. J. Hulme, of Clayton, near Manchester; atKl he la 

duced one of bis shopmates, James Lillio, to join bim ii 

indertaking- This proved tlie lieginning of a buM 

BBSS connection which lasled for a jieriod of lifteeii year^ 

d bud tlie foundnlion of n partnership, the ivpulaiio 
■rliicli, in connection with mill-work and the construi^ 
if iran-macbincry generally, eveutuaJly became knotni 
ill over the eii-Uiied world. 

Although the patterns for tlia conservatory were i 
■made, and the castings were begun, tlie work was n 
proceeded with, in conser|tience of the notice given by a 
Birmingham tirm, that the plan afWr which it was jiro; 
posed to consti'tjct it was an infringement of tliu'r puten 

mg Iirm were conse<iuentty under the necessity 
if looking about thera fur other employment. And to b( 
iTvpnred for executing onlers, ihey proceeded in Ihu yeai 
f817 Ui lure a small shed at a I'enl of 12(. a week, ii 
rlitcli they set up a Ifiihe uf tlieir own making, capably 
f tunung sliaAs of from tliree to bik incdies diameter^ 
tod they hired u Btrong Irishman to drive the wheel aoi 
it at ibe heavy worL Their firet job waa the ei'ectio« 
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of a cullender, and their next a calico-polinhing machine 
but orders came in slowly, and James Lillie began to de* 
spair of success. His more hopeful partner strenuously 
urged him to perseverance, and so buoyed liim up with 
hopes of orders, that he determined to go on a little 
longer. They then issued cards among the manufac- 
turers, and made a tour of the principal firms, ofiTcring 
their services and soliciting work. 

Amongst others, Mr. Fairbaim called upon the Messrs. 
Adam and Greorge Murray, the large cotton-spinners, 
taking with him the designs of his iron bridge. Mr. Adam 
Murray received him kindly, heard liis explanations, and 
invited him to call on the following day with his partner. 
The nianufiicturer must have been favorably impressed 
by tliis interview, for next day, when Fairbaim and Lillie 
called, he took them over his mill, and asked whether they 
felt themselves competent to renew with horizontal cross- 
shafts the whole of tlie work by which the mule-spinning 
machinery was turned. This was a formidable enter- 
prise for a young firm without capital and almost without 
plant, to undertake ; but they had confidence in them- 
selves, and boldly replied that they were willing and able 
to execute the work. On this, Mr. Murray said he would 
call and see them at their own workshop, to satisfy him- 
self that they possessed the means of undertaking such 
ail order. This proposal was by no means encouraging 
to the partners, who feared that when Mr. Murray spied 
** the nakedness of the land " in that quarter, he might 
repent him of his generous intentions. He paid his prom- 
ised visit, and it is probable that he was more favoiv 
ably impressed by the individual merits of the partners 
than by the excellence of their machine-tools, — of which 

"^ had only one, the lathe which they had just made 
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and set up ; nevertlieless he ^v/e tl em tlie order, an 
tbey began with g!ad liearls and U ^ hands a 
to execute this their first cont uct It taaj be BUiHcieti 
to state Ihat by working la e and early — froi 

norning unlil nine at ii ^ t lo a e a derablc period 
— they aucceedtd in eompti-t „ the al e a ons within tbi 
'time specified, and to Hr. Murray's entire satisfaction 
Tlie pi-attica! skill of th(! young men being thus proved 
and their anxiety to cxL'cutu the work intrusted to then 
to the best of tlieir ability having excited the ndmiratiw 
of their employer, he took the opportunity of reci 

Iieni to his friunda in tlie trade, and amongst others 
to Mr, John Kennedy, of the Sita of MacConnel ond 
!Eennedy, tlicn the largest spinncra !n the kingdom. 

The Cotton Ti-ade had by this time sprung into grc 
importance, and was inL-reasing with extraordinary i 
yidity. Popiiliilion and wealth were pouring into SoutI 
Xancailiire, and industry and enterprise were everywhen 
n foot. Tlic foundations were being laid of a aysten 
lanufacturing in iron, machinery, and textile fabric 
dearly all kinds, tlie like of which has perhaps never 1 
surpassed in any eoiiiitry. It was a rape of industry, ii 
xhieh the prizes were won by tlie swift, tlie strong, i 
the skilled. For the ' ,i part, the early Laneaahire 
manufacturers started \ery nenrly equal in point of 
vorldly circumstances, men originally of the smallesb' 
inenns often coming to the front, — workmen, weaver^ 
[nechanics, pedlcrs, farmers, or laborers, — in course of' 
e rearing immense manufacturing eonccrna by sheer 
bi-ce of industry, energy, and personal ability. The da 
cripilon given by one of the Inrgesl employers in Lm 
ashire, of the enpilal with wliicli he started, migbt appi 
D many of them. " When I married," said he, " my n 
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MONd hy slndenta, probiitiooers for Ihe ministry, 
Lj" luilf-tltiiy^l ilomintts, Iliemselves more neeUin^ in- 
iictioii lliuii til>le tn iinfiiirt iL Tlic Kennedys could 
y >ill(iiiil Ibo urliool during a few montiis in aamiiK^r- 
i€ , to thai wlial t!iey had acqiiircj by llio end of one 
son was often fbrgollcn by Ilie be^nning of the ntrnU 
oy Icftrnk however, to read llie Teetament, Buy tliuir 
Bchivm, n»ii write their own nnraee. 
\» the diiiili'en grevr up. thry each longed for the time 
acmfi when t}iey rould be put to u trade. The fnmily 
re poorly cUil; stockings and shoes werolnxuricinirely 
mlgeil in; and Mr. Kennedy used in after life to tell 

gliui'l children of » certnin Sunday ivliich lie reineni- 
•cd sliorlly nllcr his father died, when he was setting 
L (or Diilry chiiri'h, and had bon-owed his brother 
Cimnder'a stocking his lirothcr mn after him and 
lid, " See Ihiit yon keep out of the dirt, for mind you 
vv got my »toi-kin^ on I" John indulged in many 
y-drcanis about tlio w-ocld Ihnl lay beyond the valley 
i the mountniita ivhich enrronnded the plaee of hia 
th. Thon^Ot a more boy. the nntuiiil objects, eter- 
ily unchangciible, whieli daily met hie eyes, — the 
>lband Mlenoo of the scene, bi-oLen only by the bleat- 
; «f a solitary sheep, or the crowing of a distant eoik, 
till thmshui' beating out with hia flnil the scanty grain 

the blat-k outs spread upon n skin in the open air, or 
B strenmletH Iciipin^j fi'oni the rocky clefts, or the dis- 
^t «hureh-U'll sounding np the vidlcy on Sundnys, — 
, bred in his mind a profound meliincholy nnil feeling 

loneliness, and he used to think to himself, " Wlmt 
n I ilo to nea und know something of the world licyond 
is ' " Tlie gretiltBt pleasure ho experieiiecd during 
ul [>eriod was when packmen came round with their 
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stores of clothing and hardware, and displayed them» fbi 
sale ; he eagerly listened to all that such visitors had tc^ 
tell of the ongoings of the world beyond the valley. 

The people of the Knocknalling district were very 
poor. Tlie greater part of them were unable to sup- 
port the younger meml)er8, whose custom it was to move 
off elsewhere in search of a living when they arrived at 
working years, — some to America, some to tlie West In- ^i 
dies and some to the manufacturing districts of the south, i 
AVliole families took their depailure in this way, and the p 
Aiw friendships which Kennedy formed amongst those of il 
his own age were thus suddenly snapped, and only a great r. 
blank remained. But he too could follow their example, e 
and enter uj)on that wider world in which so many others t 
had ventured and succeeded. As early as eight years of - 
age, his mother still impressing upon her boys the neces- . 
sity of learning to work, John gathered courage to say to ' 
her tliat he wished to leave home and apprentice himself 
to some handicraft business. Having seen some carpen- 
ters working in the neighborhood, with good clothes on 
their backs, and hearing the men's characters well spoken 
of, he thought it would be a fine thing to be a carpenter 
too, particularly as the occupation would enable him to 
move from place to place and see the world. He was 
as yet, however, of too tender an age to set out on 
the journey of life; but, when he was about eleven 
years old, Adam Murray, one of his most intimate ac- 
quaintances, having gone off to serve an apprenticeship 
in Lancashire with Mr. Cannan of Chowbent, himself a 
native of the distrii-t, the event again awakened in him 
a strong desire to migiate from Knocknalling. Others 
had gone after Murray, James MacConnel and two 
or three more ; and at length, at about fourteen years 
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nedy himself lefl his native home for Lan* 

? time that he set out, Paul Jones was ravag- 
5ts of Galloway, and producing general con- 
iroughout the district. Great excitement also 
rough the occurrence of the Gordon riots in 
ich extended into remote country places ; and 
imembered being nearly frightened out of 
one occasion by a poor dominie whose school 
, wlio preached to his boys about the hor- 
;re coming upon the land through the intro- 
'opery. The boy set out for England on tho 
uary, 1784, mounted upon a Gralloway, his 
ge of clothes and necessaries strapped be- 
\s he passed along the glen, recognizing each 
t, his heart was in his mouth, and he dared 
St himself to look back. The ground was 
1 snow, and nature quite frozen up. He had 
r of his brother Alexander as far as the town 
loway, where he slept the first night. The 
companied by one of his future masters, Mr, 
1, a partner of Mr. Cannan's, who had origi- 
d his service as n workman, they started on 
V Dumfries. After a long day's ride, they 
town in the evening, and amongst the things 
ed the boy's surprise were the few street- 
e town, and a wagon with four horses and 
In his remote valley carts were as yet un- 
even in Dumfries itself they were compara- 
; tlie common means of transport in the dis- 
vhat were called " tumbling cars.** The day 
eached Lon;;town, and slept tliere; the boy 
her lamp. Tlie next stage was to Carlisle^ 

17 Y 
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where Mr. Smith, whose firm had supplied a carding-en- 
gine and spinning-jenny to a smnll manufacturer in the 
town, went to "gitte" and trim them. One waa put up 
in a small house, the other in a ^mnll room ; nnd the siglit 
of these machities was Joho Kennedy's first iiitroduetion 
to cotlon-spiuniDg. Wliile going up the inn-etuirs he was 
Bina/ed and not ft little alarmed at seeing two men in j 
armor, — he Imd heard of the battles hetween the Scots 
and English, — and heiieved these to he some of the fight- 
ing men; though they proved to he hut efflgies. Five 
more days were oceupied in travelling southward, the rest 
ing places being at Penrith, Kendal, Preston, and Cbor 
ley, the two travellers arriving at Chowhent on Sunday, tin 
8th of Fehruary, 1784. Mr. Cnnnan seems to have col 
lected ahout him a little colony of Scotsmen, mostly fron 
the same neighborhood, and in the evening there wa 
quite an assembly of them at the " Bear'e Paw," when 
Kennedy put up, to hear the tidings from their native 
county brought by the last new-comer. On the foUowin 
moruing the boy hegim hia apprenticeship as a earpenlei 
with the finn of Cannan and Smith, serving seven years 
for his meat and clothing. He applied himself U 
trade, and became a good, steady workman. He 
tliooglitful and self-improving, always endeavoring ti 
quL'c knowledge of new arts and to obtain insight into ne 
machines. " Even in early life," said he, in the aeeom 
of his career addressed to his children, "I felt a stron 
desire to know what others knew, and was always read 
to '■ommunicate what little I knew myself; and by at 
milting at once my want of education, I found that I ofte 
made friends of those on whom I had no cluinia beyor 
what an ardent desire for knowledge could give me." 
Ilia oppn'iiticesliip over, John Kennedy commcncottl 
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^^VRffl&* in a small vay m MaDcheater, in 1791, in con- 
,t» nction with two other workmen, Sandfonl and. llao 
-i^onnti. Their buaineas wos madiine-making and mule- 
^X>inning, Kennedy taking l.lic direction of tho madiine 
•A^ fjortmont. Tliu firm at first put up their raiilea for 
spinning in any convunient garrets they could liiro at a 
Wi-iT rental. Altur some time lliey look part of a small 
*»etory in Canal Street, and carried on their business on , 
■ i^*. larger scale. Kennedy and MncConnel afterwarda ac- 
^Bpied a little factory in the same street, — since removed 
*« give plnire to Fairbairn'a large macliine works. The 
't^rogrcsB of tlie firm was Bicady and even rapid, and tliey 
"iveot on bnildhig mills and extending their business, — 
Mr. Kennedy, aa he advanced in life, gathering honor, 
'wcaltli, and trou|is of friends. Notwithstanding llie de- 
fects of liis early education, lie was one of tlie few men 
of bis class who became distinguished for hia literary 
labors in connectioa principally with the cotton trade. 
Towai'ds the close of his life, lie prepared several pa- 
pers of great interest for the Literary and Philosophical 
Society of Manchester, wiiich are to be found printed in 
tlieir Prui^eedings ; one of these, on the Invention of the 
Slula by Samuel CromptoD, was for a lung lime the only 

I • One of ihe rernotia wliirh indiicRl Kennedy tliiia early to begin 

the bll°iliesi of malc^plnniug htu been reliiled Rs rollowB. Wlill« am- 
ploysd fie ufiprBnttoB at Chftwhent lie Imppanecl to ileep ovor tbe idbi- 
Isr'ii «pHrtmeril; ui<I lata one eveninji, on ths laltor reluming from 
market. Ills wife nfked liis aar-ce'f. " I 've sold Ihe elghlys," said he, 
"nt a gulnen a {iniind." " What," exclBimed Ihe mlstresi', In a load 
voli^e "sold tbe eiglitys ftwwi^ a piliiea a pmindl 1 nBTBr heard of 
mcli * tiling." The iipprentice toulJ not help ovarhearing Ibe remark, 
mid il net liim a thinking. Ho knew the price of cotton und the price 
of labor, and concluded there must be » very large mBrg!ii of profit. 
So H-oii as he waa oal of his Citne, thereOwe, be determiaed that ha J 
•hOBid beooioe » couot^ 4pinDei. 
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record which the public possessed of the merits and claima 
of that distinguished inventor. Hb knowledge of the 
history of the cotton manufacture in its various stages, 
and of mechanical inventions generally, was most exten- 
sive and accurate. Among his friends he numberevl James 
Watt, who placed his son in his establishment for the pur- 
pose of acquiring knowledge and experience of his pro- 
fession. At a much later period he numbered Greorge 
Stephenson among his friends, having been one of the 
first directors of the Liverpool and Manchester Railway, 
and one of the three judges (selected because of his sound 
judgment and proved impartiality, as well as his knowl- 
edge of mechanical engineering) to adjudicate on the cele- 
brated competition of locomotives at Rainhill. By these 
successive steps did this poor Scotch boy become one of 
tlie leading men of Manchester, closing his long and use- 
ful life in 1855 at an advanced age, his mental faculties 
remaining clear and unclouded to the last. His departure 
from life was happy and tranquil, — so easy that it was 
for a time doubtful whether he was dead or asleep. 

To return to Mr. Fairbaira's career, and his progress 
as a millwright and engineer in Manchester. When he 
and his partner undertook the extensive alterations in 
Mr. Murray's factory, both were in a great measure un- 
acquainted with tlie working of cotton-mills, having until 
then been occupied principally with corn-mills, and print 
ing and bleaching works ; so that an entirely new fiel 
was now opened to their united exertions. Sedulous) 
improving their opportunities, the young partners n 
only thoroughly mastered the practiail details of cottc 
mill work, but they were very shortly enabled to int 
duce a series of improvements of the greatest importai 
in this branch of our national manufactures. Bring 
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their vigorous pmcticol nunda lo bear on tho stibject, 
they at once saw that the gearing of even the best miltB 
was of a very diiiasy and imperfect character. They 
found the machinery driven hy large square Mst-iTOn 
shrifts, on which huge wooden drums, some of them as 
much 08 four feet in diameter, revolved at the rate of 
about forty revolutions a minute ; and tlie couplings weie 
so liadly fitted that they might be heard creaking and 
groaning a long way off. The speeds of the driving- 
slialh were mostly got up by a series of straps and 
counter drums, which not only crowded tlie rooms, hut 
seriously obstructed the light where most required for con- 
ducting the dehcate operations of the different machines. 
Another serious defect lay in the construction of tlie 
shafts, and in the mode of fixing tlie couplings, wiiich 
were constantly giving way, so that a week seldom 
passed without one or more breaks-down. The repairs 
were usually mado on Sundays, which were the mill- 
wiigiits' hardest working days, to their own serious moral 
detriment ; but when trade was good, every consideration 
was made to give way to the uninterrupted running of 
the mills during tlie rest of the weelf. 

It occurred to Mr. Fairbnim that the defective nrrange- 
ments thus briefly described might be remedied by the 
introduction of b'ghlcr shafts driven at double or treble 
the velocity, smaller drums to drive the macliinery, ani/ 
use of wi-ongl It-iron wherever practicnble, because of 
ilB greater lightness and slren^li compared with wood. 
He also provided for tho siinplilii'aiion of tho hangers 
2nd flsings by whii-li the shafting was supported, and 
introduced the "half lap coupling" so well known to 
millwrights and engineers. His partner entered fully 

> hiB views ; and the opportuni^ shoi'tly presented 
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itself of KUTjriiig them into effect in the Ur^ new mifi ' 
(irccted in 1818, for the firm of MacConnel and Ken* 
ncdy. The niBchinery of that concern proved a grent im- 
provement on all tliat had preceded it i and, to SleBsrs. 
B'airbairn and Lillie's new eystem of gearing Mr. Ken- 
nedy added an original invention of his oi\-n. in a eyfrtem 
of double speeds, with the object of givinii an inerc^sod 
quantity of twist in the ftner descriptions of midc-yam. 

The eatistactory execution of this important work at 
once placed the firm of Fairbairn hikI Liilie in tlic very 
fi'ont rank of en^neering millwrights. Mr. Kennedy's 
good word waa of itself a jmssporl to fame and bnsineBS, 
and aa lie wa^ more tlian satisfied with the manner in 
whicli his mill machinery had been plajined and exe- 
cuted, he sounded their praises in ail qnartei'S. Ordera 
poured in upon them so rapidly, (hat they had diffii^nlty 
in keeping pace with (he demands of the trade. Tliey 
then removed from their original shed to larger premises 
in Mather Street, where they erected additional lathes 
and other tool-machines, and eventually a steam-engine. 
They allerwardB added a large cellar under an adjoining 
factory to their premises : ajid from time to time provided 
new means of turning out work with increased efficiency 
and despatch. In due caurse of time the lirin erected a 
factory of their own, fitted witli tlie moat improved nm- 
chinery for turning out mill-work ; and tliey went on from 
one contract to another, until th^r reputation as engineers 
became widely celebrated. In 1826-7, tliey supjdied tlio 
water-wheels for the extensive cotton-mills belonging to 
Kirkman Finlny and Company, at Catiinc Bank in Ayr- 
shire. These ivheels are even at this day regarded as 
among the most perfect hydraulic machines in Europe. 
About die same time they supplied the mill-gearing and 
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»cliincrj for Mesara. Esclier aiid Company's large 
a at Zurich, among the ktrgfsl uolton-manuructoriea 
%iQ Contintnt. 

In the meanwhile tlie iojustrf of Klanchcster and the 
tighborhwJ, (hrough which the fina had riaeu and pros- 
jred, was not neglected, hut had the full benefit of the 
irioua improvemenis which they were introducing in 
lill-machidcry. In the course of a. few years an entire 
iToIiilion was effected in the gwiring. Ponderous maspcs 
r limber and cast-iron, with their enormous bearings and 
supliiigs, gave place to slender rods of wrought-iiriii and 
gilt frames or hooka by which they were sufpended. 
n like manner, lighter yet stronger wheels and pullej'S 
ere introduced, ihe whole arrangements wore improved, 
nd, the workmanship being greatly more accurate, fj-ic- 
on was avoided, and the speed was increased from about 
■rty to upwards of Ihree hundred revolutions a minute. 
'he fly-wheel of the engine was also converted inlo a 
rst motion by the formation of teeth on its periphery, by 
hiuli a coDfiiderablc saving waa effected bolli in cost and 

Tliese great improvements formed quite an era in the 
istury of mill -machinery ; and exercised ttie most im- 
arlant influence on the development of the eotloii, l\ux, 
,1k, and other brunches of innjiu facta re. Mr. Falrbuim 
lya the system introduced by hia firm was at first 
trongly condemned by leading engineera. and it was with 
iliicully that ho could overcome the force of their oppo- 
ilion ; nor was it until a wheel of thirty lona weight for 

pair of engines of one hundred-horse-power each waa 
t^cled and set to woik, that their progoosti cations of 
tilui'e entirety ceased. From that time the principlee 
itnidiiced by Mr. Fairbiiirn hate been adopted wherever 
leuD a employed ae & motive power in mills. 
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Mr. Fairbaim and his partner bad a hard uphill battle 
to fight while tliese improvements wei*e being introduced ; 
but energy and perseverance, guided by sound judgment, 
secured their usual reward, and the firm became kno\vn as 
one of the most thnving and enterprising in Manchester. 
Long years afler, when addressing an assembly of work- 
ingmen, Mr. Fairbaim, while urging the necessity of 
labor and application as tlie only sure means of self-im- 
provement, said, "I can tell you from experience, that 
there is no labor so sweet, none so consolatory, as that 
which is founded upon an honest, straightforward, and 
lionorable ambition." The history of any prosperous 
business, however, so closely resembles every other, and 
its details are usually of so monotonous a character, that 
it is unnecessary for us to pursue this part of the subject; 
and we will content ourselves with briefly indicating the 
several further improvements introduced by Mr. Fairbairn 
in the mechanics of construction in the course of his long 
and useful career. 

His improvements in water-wheels were of great value, 
especially as regarded the new form of bucket which he 
introduced, with the object of facilitating the escape of 
the air as the water entered the bucket above, and its 
readmission as the water emptied itself out below. This 
arrangement enabled the water to act upon the wheel 
with the maximum of effecrt in all states of the river ; 
and it so generally recommended itself, that it very soon 
became adopted in most water-mills both at home and 
abroad.* 

His labors were not, however, confined to his own 



• The subject will be found f\illy treated In Mr. Fairbaim'* own 
work, A Treatise on MUIm and Mill- Work, embodying the results of hii 
large experience. 
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particnlar tailing as a mill (mgineer, but ivcro almrtly 
drreclej to otlier eijmilly imporunt In-Hticlics of llu'cnn- 
structive urt. Tims hu wiu itmong llie fli^t to HiriH^ Uiv 
attention tn iron Bliip building ils & Bjwciul 1>nvnnh of litiKi- 
peas. In 1829, Mr. Ilouston, of Jolmslown. ncarPnWpy, 
launched a Ilglit boat on tlio Arilrosnan Canal, for tijo 
purpose of ascertaining the epccvd at wliich it conlil lio 
lowed by horses with two or thj'cc pursona on bonnl. To 
the surprise of Mr. Houston and ihii otlier pinllcirien 
jiresent, it was found llmt the labor liut hoiiicM liiid lo 
jierform in towing the boat was murli j;rMiit<.'r at »ix or 
eevtm, than at nine miles an hour. TIsif* auonmly wo* 
■very puzzling to the exiierimeuterti, and at Mie ruquoHt of 
the Council of the Forth and Clyde Canal, Mr. Kaii-bairri, 
^vho hiid already become extensively known h» a ai'ien- 
tific mechanic, was reijiiCHted to Tisit Scotlanii aiul iriKli- 
tale a aeries of expcnmunls with light b'mtN lii determino 
the law of traction, and clear up, if poBHible, Die i(|i[iiirent 
anomalit-s in Mr. Ilouston'o exiieriiacnta. Tliia Itu ditl 
accordingly, and the results of lira expcrimonU wore aftci^ 
wardfi published. Tlio triaU eit<tndeil over a acricM of 
years, and were conducted at a coat of acvcral tlioiiMind 
pounds. The first expcriment« were made with vcBM.da 
of wood, but they eventnally led to the coniitrutiimi of 
iron veitaela upon a large scale, ami on an entii'ifly riaw 
principle of conatructiou, with aogltj-irrm r(l» aiul wnmftlil- 
JTOD ahealhing plates. The reiiulla provtsd in>Mt TaltialiU', 
and had the effect of speinally directing tlie atdtnlkm of 
narsl en^een to the employnw^nt of iron in «bi]>-lHiiI<t- 

I ID*. 

Ur. Pairtmini himBclf fully remxntxed lite value uT ilm 
expennwnta, and proceciled Ut mnMrart an inui rtaiel at 
Ui worio al Manebnier, in 1K)I, «lkb veol to wa-^An 
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same year. Its success was sach as to induce him to be- 
gin iron ship-bnilding on a large scale, at the same time 
as the Messrs. Laird did at Birkenhead ; and in 1835, 
Mr. Ffurbaim established extensive works at Millwall, 
on the Thames, — afterwards occupied by Mr. Scott Bus- 
sell, in whose yard the ^ Great Eastern " steamship was 
erected, — where, in the course of some fourteen years 
he built upwards of a hundred and twenty iron ships> 
some of them above two thousand tons burden. It was, 
in fact, the first great iron ship-building yard in Britmn, 
and led the way in a branch of business which has since 
become of first-rate magnitude and importance. Mr. 
Fairbaim was a most laborious experimenter in iron, and 
investigated in great detail the subject of its strength, tl>e 
value of different kinds of riveted joints compared with 
the solid plate, and Hie distribution of the mateiial 
throughout the structure, as well as the form of the ves- 
sel itself. It would indeed be difficult to over-estimate 
the value of his investigations on these points in the ear- 
lier stages of this now highly important branch of the 
national industry. 

To facilitate the manufacture of his iron-sided ships, 
Mr. Fairbaim, about the year 1839, invented a machine 
for riveting boiler-plates by steam-power. The usual 
method by which this process had before been executed 
was by hand-hammers, worked by men placed at each 
side of the plate to be riveted, acting simultaneously on 
both sides of the bolt But this process was tedious and 
expensive, as well as clumsy and imperfect ; and some 
more rapid and precise method of fixing the plates firmly 
together was urgently wanted. Mr. Fairbaim's machine 
completely supplied the want. By its means the rivet 
was driven into its place, and firmly fastened there 



iy a coapic of strokes of a hammer liiifH.-Iled liy steam. 

ibe Jacqiiard iiuiicliing-madiine of Roberls, 

B rirettng of plates of tlie lai^gcst size lias tlius W- 

I one of the simplest operalions id iron-moniiftus 

g- 

Kl^ Iborotigfa knonledge which Mr. FnirliaiFn poe- 

d of ihe strengtii of wrought-iron in ihe form of llie 

w beam (nliich a vrought-irun ship rcullv is), nat- 

LTorallj led to Lis being oonsulteil by the lalc Bribert 

Stephenson, as to the structures by means of which it 

was proposed to span the estuary of the Conway nnd tlie 

Eaile of Menai ; anil the result was the Conwaj and 
taauia Tubular Bridges, tbe tilstory of which we haie 
y described ebewhere.* TUere is no reason to doubt 
mat bj far the largest share of the merit of working out 
the practical delaib of ihcme structures, and thus realizing 
fiobert Stephenson's magnificent idea of the tubular 
bridge, belongs to llr. Fairbairn. 

In aU matters connected with the qualities and strength 
of iron, he came to be regarded as a first-rale autliorily, 
mud his advice was oflen sought and higldy vuIiumL The 
elaborate eiperiments instiluled by him aa to Uie strength 
of iron of all kinds have formed tbe subject of vanous 
papers which be lias read before the Brilish Assoi'Jal 
tbe Koyal Society, and tbe Literary and Philosoiibical 
Society of Manchester. His practical infjuiries aa to the 
Strength of botlere have led to his being fretiuwitly calleU 
upon to inrestigate the cau.'ses of boiler exitiusioris, on 
which subject he has published many elaborate reports. 
Tbe study of this subject led him to elucidate tbe law 

■ LitftafitEnsimem.Vo[.llL41t-ttO. ttit »]•» An Aeim 
dk OMtrwfiH rf *t a-ira«H and Cbwaay Tutiiar Btidait. 
■ rwrbum. C.£ 1S48. 
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according to which the density of steam varies throughout 
an extensive range of pressures and atmospheres, — in 
singular confirmation of what had before been provision- 
ally calculated from the mechanical theory of heat. His 
discovery of the true method of preventing the tendency 
of tubes to collapse, by dividing tlie flues of long boilers 
into short lengths by means of stiffening rings, arising out 
of the same investigation, was one of the valuable results 
of his minute study of the subject ; and is calculated to 
be of essential value in the manufacturing districts by 
diminishing the chances of boiler explosions, and saving 
the lamentable loss of life which has during the labt 
twenty years been occasioned by the nialconstruction 
of boilers. Among Mr. Fairbairn's most recent in- 
quiries are those conducted by him at the instance of 
the British Government relative to the construction 
of iron-plated ships, his report of which has not } et 
been made public, most probably for Aveighty political 
reasons. 

We might also refer to the practical improvements 
which Mr. Fairbaim has been instrumental in intro- 
ducing in the construction of buildings of various kinds 
by the use of iron. He has himself erected numeious 
iron structures, and pointed out the road which other 
manufacturers have readily followed. "I am one of 
those," said he, in his " Lecture on the Progress of En- 
gineering," " who have great faith in iron walls and iron 
beams; and although I have both spoken and written 
much on the subject, I cannot too forcibly recommend 
it to public attention. It is now twenty years since I 
constructed an iron house, with the machinery of a corn- 
mill, for Halil Pasha, then Seraskier of the Turkish army 
ftt Ck)nstantinople. I believe it was the first iron house 
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n lliis country ; and it was constructed at tin; woriia 
~ at MlUwall, London, in 1839."* 

Since then iron structuresof all kinds ha^e bean erected: 
iron lij^btliousea, iron-and-crystal palaces, iron cIiurcheB, 
and iron bridges. Iron roads liave long been worked by 
iron locomotives ; and before many years have passed a 
telegraph of iron wire will probably be found circling Ilie 
^lobe. We now use iron roofs, iron bedsteads, iron i'opi<s, 
and iron pavement; anil even the famous "ivooden walls 
of England " are rajiidly becoming reconaimcted of iron. 
In short, we are in tlie mitist of wha,t Mr. Worsaae lias 
rliaracterizcd as the A;;e of Iron. 

At the celebration of the opening of the North Wtiles 
Kailifay at Bangor, almost within sight of his iron bridge 
across the Straits of Slenai, Robert Stephenson said, 
" We are daily producing from the bowels of the earth 
a raw material, in its crude state apparently of no worth, 
but which, when converted into a locomotii'c engine, flies 

" Oe/id InrnrmnClon for J^nginf en. Id teriea, 225. Tlia mere list 
of Jlr. Fairbaim't wrilings would oconpyeoupiilenible space ; fur, not- 
withalandtng tlia grvat Uiban as an Bogiaeer, be hns also been «in in- 
dantrioua writer. HIb Pnjuri on /nm, read at diOereiil; timea httora 
the BrilJih AMociatioB, the Boyal Society, and the Liforary uid I'hilo- 
■Qpbloal loBtilution ofMiiiicbeatar, are argreatvalue. Tlie IreatiM iin 
" Iran " in the EacycbpaJia Brilavnica is Troin his pan, and he lias 
oontrlboled a highly interesting pnperto Dr. Scoffern'a Uifful Mtlnlt 
mirftfetr J/isji on tha Application of Iron to tlie purptwes of Ordnance, 
Machinery, Bridges, and House and Ship Bnilding. Annther vatnalila 

ery in General, pubtiabed in tba Rtpmii on tht Parii Utdtatal hjiki- 
biliim 9/"186B. The experiments conducted by Mr. Fairbnlrn flir the 
purpose of proving the eiicelient properties of iron furshipliUiMliit;, — 

fiociify, — eveutualiy led tahii furthar experiments to detennine iJib 
(trangih and (bmi of Ibe BHtannia and Conway Tubular Bridges, [lite- 
girdsn, and oihor oanttmclionB, the rosntt of uibicb wag to etiX^iA^t, 
quite anew era in tlie history of bridse as vseW na i.\u^ "niiiiiVvii?.. 
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over bridges of the same material, with a speed exceeding 
that of the bii*d, advancing wealth and comfort throughout 
the coun(]7^. Such are the powers of that all-civilizing 
instrument, Iron." 

Iron indeed plajs a highly important part in modem 
civilization. Out of it are formed alike the sword and the 
ploughshare, the cannon and the printing-press ; and wliile 
civilization continues partial and half-developed, as it still 
is, our liberties and our industry must necessarily in a 
great measure depend for their protection upon the excel- 
lence of our weapons of war as well as on the superiority 
of our instruments of peace. Hence the skill and inge- 
nuity displayed in the invention of rifled guns and artil- 
lery, and iron-sided ships and batteries, the fabrication 
of which would be impossible but for tlie extraordinary 
development of the iron-manufacture, and tlie marvellous 
power and precision of our tool-making machines, as de- 
scribed in preceding chaptei*s. 

" Our strength, wealth, and commerce," said Mr. Cobden 
in the course of a recent debate in the House of Commons, 
" grow out of the skilled labor of the men working in met- 
als. They are at the foundation of our manufacturing 
greatness ; and in case you were attacked, they would at 
once be available, with their hard hands and skilled brains, 
to manufacture your muskets and your cannon, your shot 
and your shell. What has given us our Armstrongs, 
Whitworths, and Fairbairns, but the free industry of this 
country ? If you can build three times more steam-engines 
than any other country, and have threefold the force of 
mechanics, to whom arid to what do you owe that, but to 
the men who have trained them, and to those principles 
of commerce out of which the wealth of the country has 
grown ? We who have some hand in doing that, are not 
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Besfifliner, Henrv, his process of 
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to England; his numeroiu in- 
ventions 267 ; liis block-makiiig 
machinerv, 268. 
Buildings, the first iron, 896. 

Cadell, William, Cockenzie, Iran- 
working and nail-making, 172, 
178. 

CalculaHng-machines and appara- 
tus, 807-311. 

Cannon first cast, 64. 

Cardiff' Canal oonstnicted, 167. 

Carrouades made at Carron, 174. 

Carron Iron- Works, 173, 176. 

Carteret, Captain, the Freewill Is- 
landers, and Iron, 17. 

China, printing of great anttqnity 
ill, 216;su$>pcnsion bridges, 217; 
coal-gas. anasAthetic agents, 2 18. 

Civil wars and the iron trade, 64. 

Clement, Joseph, birth, pareiitiige; 
hiH futlier a hand-ioom weaver, 
also a natnralist and amateur 
meclianic, 289 ; Joseph learns 
thatching and slating; his liking 
for meclianics, 290; reads works 
on meclianics; makes a tuniing- 
lathe: turns and performs on 
various musical instruments ; 
makes microscope and tele- 
scope; makes screw die-stocks, 
291; gives up slating; employed 
to made power-looms at Kirby 
Stephen; his wages; removes to 
Carlisle, then to Glasgow, where 
Peter Nicholson teaches him 
drawing, 292; removes to Aber- 
deen; his improvements in tools; 
attends colle^: proceeds to Lou- 
don, 294; employed by Bramah 
as chief draui^htsman and super- 
intendent; chief draughtsman to 
Maudslaynnd Field, 297; begins 
business ; his skill as a draughts- 
man ; invents dniwing-instru- 
ment, 298; invents drawing-ta- 
ble; his inventive faculty and 
deliglit in its exercise: his im- 
provements in the slido-lathe 
described, 299; his self-adjust- 
ing double-driving centre-chuck 
ftiid two-armed driver, 801; his 
floted-taps and diet and screw- 
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catting machinorv. 802; inventi 
his planing-machine, 804 ; dd> 
»cription of pbiMing-machine, 
806; employed to make Bab- 
b-4go' s calculating-machine, 307; 
p-eat eost of the machine, 810; 
interruption of the work, 811; 
his steam-whistle. 312; his char- 
acter and death, 818. 

Cofil and coke in iran manufacture; 
Dudley's process, 71; coke first 
regularly employied, 112 ; in- 
creased use of, 108, 112; pit-coal 
successfully used by R. Ford, 
113. 

Coal, proposed tax on, 123. 

Coalbrookdale Iron- Works, 108- 
111; extensions of workjs, 114, 
123. 

Cobden, U., on metal-working, 398. 

Collet, Peter van, inventor of ex- 
plosive shells, 66. 

Congrevc-rockct, Eastern originf 
317. 

Conrr:ict for rails, St. PauTs 
Churchyard, 61. 

Conway Tubular Bridge, 396; the 
punching-machine. 829. 

Cook, Captain, the Scmth Sea Isl- 
anders, and iron, 17, 18. 

Cort, Henry, birth and parentage; 
a navy agent, 148; experiments 
to improve manuftictnre of Eng- 
lish iron; takes a foundery at 
Foutlev and becomes partner 
with .fellicoe, 149; his patents, 
loO, l.'>3; his improvements de- 
scribed, 151 - 154; his processes 
adopted by others, 153; greatly 
increases the production, 156; 
his iron approved by the Ad- 
miralty, 157 ; Adam Jellicoe*8 
public defalcations involve Cort, 
158 ; his property and patents 
seized ; his partner put into pos- 
session to Cort's exclusion, 160; 
his inventions practically made 
over to the public, 160*; he is 
ruined, and appends in vain to 
have his patents restored ; a 
pension of 20o^ a year gninted 
to him; bis death, 163; Cort the 
founder of our iron-aristocracy; 
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EowiK, St., and amithi of AiccaMr, 

48. 
Eiiwtrlc tele^^ph nnold invention. 

Epochs in civil iintion, 33. 

Fairbairh, Sir P., fltuc-mnohin- 
ery (note 1, 330. 

Fairbnini, wlUinni, on mnohinB- 
tooln, 380, 381 ; hi«JiIrth j liither'a 
intorcounse with Sir \V. SoOU In 
childhood, 303; educalimi: Ufa 
in Boieahlre, 303 ; excelkiit 
mother; demesliu emi 
SB5; a hiborer ni 
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tnd experience ; Rails to Dublin, 
676; constructs nail-makins ma- 
chinery; tliu Unionists forl>i(l its 
tise, and Dublin loses its iron 
trade; sails for Liverpool; goes 
to Manchester, 877 ; gets em- 
plovinent; settles and marries 
m Manchester; begins business; 
his first job an iron conservatory, 
879 ; enters into partnership with 
Lillie ; their efforts to obtain 
work; employed by A. and S. 
Murray, 3b0 ; recommended to 
MacConnel and Kennedy, 381; 
make important improvements 
in mill-gearing, 389; rapid in- 
creiise of business, 390; supply 
improved water-wheels in Ayr- 
shire and at Zurich, 391; nature 
of the improveinetitr*, 392; Fair- 
bairn's experiments coiiceniitig 
law of traction in boats; con- 
structs tlie first iron vessels; be- 
gins building iron siiips, 393; 
investigations as to tiie strength 
of iron ; invents riveting-ma- 
chine ; his connection with the 
Britannia and Conway Tubular 
Bridges, 394 j reports on iron 
and on boiler ex[)Io:>ions, 395 ; 
the first constructor of iron 
buildings, 396; 

Ferrara, And. de, and his swords, 
42. 

Ferrers, Earldom of, 38. 

Flax machinery, 318, 319. 

Flemisli weavers and their ma- 
chinery, hostility to, 208, 

workmen at Sheffield, 133. 

Flint implements, 18, 25. 

Ford, Kichard, successful use of 
pit-coiii in smelting iron, 113, 
149. 

Forges, early, where situate, 50. 

Fox, James, of Derby, a butler, 
314; his master assists him to 
begin business as a machinist; 
his lace machinery and lathes 
celebrated ; his planing-machine 
described, 315. 

French artisans, turning and me- 
chanical ingenuity, 257. 

Fuller family, origin of the, 57. 
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Gale, Leonard, iron mannfact,68 
Qaray, B. de, the steamboat, 215 

221. 
Gas-meter, water, of Roberts, 823. 
Glamorgan, early Iron-works, 63. 
Glasgow, ancient canoes found at, 

20. 
Gun fonndino:, first, in England, 54. 
— a French invention, 66. 
Great Britain steamship and the 

steam-hammer, 343, 344. 

Hammer ponds, 53, 56-61. 

Uawks, William, Newcastle-on-T., 
169. 

Heath, .Tos., his patent for steel, 187. 

Heckling-machine, the, 319. 

Hogge, Kalph, gun- founder, 55. 

Homfray, Samuel, adopts Cort's 
processes, 156; joins Craw.shay 
in constructing canal to Cardiff, 
168. 

Houghton, John, wind saw-mill, 
207. 

Humphries, P., of the Great Brit- 
ain, 343. 

Huntsmt\n, Benjamin, inventor of 
cast-steel, 135, 137; birth, par- 
entage ; clockmaker ; repairs 
locks and macliinerv; amateur 
surgeon and oculist, 136; experi- 
ments at Doncaster, 136; process 
of making cast-steel, 138 j re- 
jected at Sheffield ; his steel 
finds a market in France, 139 j 
the Sheffield makers necessi- 
tateil to use it, 140 ; his secret 
stolen by Walker, 141; increased 
demand for his steel j his char- 
acter and death, 144. 

Hydnmlic-press of Bramah, 233; 
leather collar invented, 235. 

Inland navigation, schemes for 
improving, 89. 

Inventions, no retrogression in, 
210; the human race the true 
inventor ; inventions gradual, 
211; process of invention; ob- 
scure origin of some inventions, 
212 j others born before their 
time, 213; old inventions and 
arts revived, 215, 216. 
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Jellicoe, Ad., his defnlcations and 
Gort*s misibrtuneji, 158, 162. 

-^— , Samuel, partner with Cort, 
149, 159. 

Kelly. Wm., *elf-acMng nnnle. 326. 

Kendrew, John, Darlington, flax- 
muchfnerr (note), 317 

Kennedy, John, of Manchester; his 
early life ; straitened circum- 
stances of family ; limited edu- 
cation, 882, 3b3; journey to Lan- 
CH.thlre. 884: apprentice$(hip as 
carfienter ; bejjins business in 
Manchester with Sandford and 
MacConnel as machine-malters 
and mule-spinners, 886; progress 
of tliefirm; his Icnowledgo and 
attainments; Watt and Stephen • 
son his friends, 887, 388. 

Kiimeil House and its distinguished 
tenants, 175-177; Watt's first 
engine erected there, 177. 

Knives, clasp tools, &c.; early pro- 
duction of, 132. 

Lake-dwrllrrs. the Swiss, 24. 
Lathe, the screw, 323. 

, the slide, 255, 260, 276, 800. 

, and turning, middle ages, 256. 

, the hand, 261. 

Leeds, bell-pits, early iron-works, 

50. 
Lesage, G. L. (1760), Telegraphy, 

220. 
Lithography, an art long known, 

215. 
Locks; — of the ancient Egyptians; 

Barron's tumbler-lock; Bramah's 

lock picked by Hobbs, 231, 232. 
Locomotive engines, 319, 328. 

Maciiink-tools and hand work, 
225, 227, 260. 

lilacliiMO-tool making, pioneers in, 
861. 

Machinery, its introduction op- 
posed, 208-210; its beneficent 
uses and supremacy, 400. 

Magnus, A., and anoesthetic 
agents, 218. 

Marshall, C. (1753), telegraphy, 
219. 



MONNIBB. 

Mfitidslay, IlenrT, BmmaVt tead* 
ing workman, 283: invents leath« 
er collar for hydraulic-press, 235, 
253; birth and parent4ige, 245; 
powder-monkey at Woolwich 
Arsenal; put into the carpen- 
ters' shop; prefers the smithy, 
and is removed to it; his trivet- 
making and dexterity at the 
forge, 247 ; sent for and em- 
ploye<l by Bramah, 249; rapid 
improvement; the hero of his 
shop; appointed head foreman; 
his filial affection, 251; his in- 
ventions In tool-making, 252; 
begins business; his first smithy 
and first job, 254; invents the 
slide-rest, 255, 260, 263; it en- 
counters ririicule, but becomes 
established; is the parent of the 
planing-machine, and other self- 
acting tools; Nasmyth's eulogi- 
um, 264; the slide-rest used for 
Brunei's ship's-blocks manufac- 
ture, 265, 269; makes the ma- 
chinery for Brunei; its intricacy 
and many parts, 272 ; increased 
business and eminence of the 
firm of Maudslay and Field ; 
patents a steam-engine, 274; im- 
proves the marine-engine ; in- 
vents the punching-machine, 
275 ; further improvements in 
the lathe ; improvements in 
screw-cutting, 276; his neatness 
and love of order, 278; pride in 
the excellence of his work, 280; 
Nasmyth's description of his 
chamcter, 281 ; his distinguished 
friends and visitors, 283; traits 
of character, 284 ; inditference to 
patents; mode of estimating in- 
ventors and others, 285 ; his 
death, 287. 

Mechanical contrivance and skill, 
and education. 289. 

Metals, fusible range of, 26. 

Miller, Patrick, and the steamboat, 
216. 221. 

Mill-gearing, Murray, 320; ini' 
proved by Fairbairn, 389. 

Monnier, Le (1746), telegraphy 
219. 
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Naamyth, jaaa, martyr to Igno* 

Nnniur'a' ioKnrithina, 308. 
Nallsoii, Jauiaa B„ iiivenCa the bot- 
bloat, ISO; birth >iid parentsjte, 



apprenticed sa workinaenj^UBW 
under hia bmtlier; colliery en- 
gina-wright. lUl; foremiui, Uum 



loatltuta. 183 j eKperimeiitE la 
iron-smatllnff, ISii; inventa the 
hoc-blast, IS4) hia patent and 
partners. lUBi patent rif;ht dia- 
potcd, bat establiahed. 2iKl: hia 



159. 
Itnimal^ 






the Carron Iron- Works, 173 ; hli 
patent, 1T4, UB; improres blow- 
loK apparatDS ; resijence at Kin- 
neil Hoaea ; leaaea coal-miDes 
and Ealt-ptuiB, ITG: obtains tlie 
aasistancB of Jamoa Watt and 
bocomaa his partner, 1TB; his 
losses and min, Hfij Iransfflrs 
interasl in Watt's engine to 
Boolton; ffatf* opinion ofBoo- 
baclL ; his death, 1T>. 
Botnane, the, intmdnced Iron-man- 
ufactare into England, 83; iron 
exported by them, 34 ; IcDev the 
art of printing, 215; knew of 
ennpoffder, 217 ; hydropathy, 



SohwentBr(l()3B),tBlBgrapliy, al 

Scotch Iron-trade, its aitengio 

IGO; exporti to Engiand, W3. 

Scotland in early times, sobto! 



6crew-*ulting niBcliinflry,&G., 216, 

2M, 802, 304, 331. 
Self-acting mnie of Boberti and 

others, 1124, 326 ; the radial arm, 

S2T. 
Shearing and panchlng'macIiinB, 

239. 
Sheffield, its earl; ht>n and ileei 
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Smitbi In early times, their impor- 

taiioe and rank, 28, SG, 43. 
Spanish Armada, acarci^ of iron, 

Spain, early supply of iron from, 

Steam aa man's drudge, 400. 
Steam-engine, improvers of: sea 

BhJMAH, MAnDBI.AI, MOSBAT, 

Nahhtth, and Watt. 
Sleam-gun an old InTeation, SIT. 
Steam-hammer, 343. 
Steam, use known to the anoienli, 

Steam locomotion, first sttSmptB, 
215. 

Steel, convenilon of Iron Into, 181) 
blistered, shear, and fagot iteel, 
134; CBst-sCeel and ita qunlities, 
137; Hesaemer's process, lU. 

Steei-yord Co. of For. Merchants, 

Steirart, Dog., at KlniMll Eaoie, 

Stone period in history, 23. 
Sionrbrldgfi, deatrnotive dood, 79. 
Strikes and their effeota, 364, BT7. 
Stnitt Wm., self-noting mnie, 82S. fl] 
Sun, the nature of its surface, 887. 
Sussei, eariy iron-worlts in, BS, 62; 

cannon flrst made in, G4; beight 

of prosperity of iron-trade, 68) 

decline of iron-trade, 34. 
Swiss lake dwellbiKs, 24. 
Swards, magic and enchanted, 36 { 

of Ferrora, 42. 

Thahkb and Severn, soheme fbr 
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ofiti workmen; prodaction ar 

Biporta of oast-steel, 147. - 

Sheffield, Lord, and H. Cort, U 

Shells (ordnance! Srst made, 56. 

Ship-haildmg, improvements in. 



civilization, 2O4-30S. 
rovemonla in, and ma- 
cuu.. _ opposed, 20S, 260. 
, moilem, their periection, 227. 

, machine, improves of s 

see Bramah, Ci.kmknt, Foi, 
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BOBEBIB, WBlTWOnTO. 
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" TnatiM at Uetallica." OT. 
Tunnallini ^ . . 

Unnellk 

Turaing (uid lathaii, r 

history of, 3SS-aeB. 

UcnATiiTS, Uajor, uid eteel nuuia- 
fiiatura, 147. 

VoHiCB. anaient, vwpani with 
modern Impronomanta in Ar. 
eennl Museum, 311. 

Vliicl, Leonardo da, the iteant-gan 
and Buu-paiDting, 219. 

Wariiior, the, engines or, 23T. 
Watai-wbBels, improved, 881. 
Watt, Jamaa, improTement ot the 
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mnnts on trade ; his vsrloiu 
pn>jeot«, »T, aa, lOl; hia " Eng- 
laod's Improvement by Sea and 
Land," »a, lOl; propoaeil land 
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WILLIAM FAIKUOKSL S^:^ 

ignonnt fliai w« hare been and are increiisl^ 

of tbe oooBtij in pvoportian as w« are nusin^ up $liUe^ 



Hie reader who bas fbOowed os up to thb point will 
baTe observed tbat bandicraft Uibor was tbe firM stiii^ 
of tbe development of baman power» and tbat maebiuery 
bas been its last and b^iest Tbe onctviliied man be^an 
witb a stone for a bammery and a splinter of flint for a 
cbisel, eacb stage of bis progress being marked bj an im« 
provement in bis tools. Evtrj machine calculattHl to 
save labor or increase production %Tas a substantinl addi- 
tion to bis power over tbe material resources of nature, 
enaUing him to subjugate tbem more effectually to bis 
wants and uses ; and every extension of roadunory has 
served to introduce new classes of the population to the 
enjoyment of its benefits. In early times the piHHlucti) 
of skilled industry were for the most part luxuries in- 
tended for the few, whereas now tlie most exquisite tools 
tmd engines are employed in producing articles of ordi- 
nary consumption for the great mass of the comnuinity. 
Machines with millions of fingers work for millions of 
purchasers, — for the poor as well as the rich; and while 
the machinery thus used enriches its owners, it no leas 
enriches the public with its products. 

Much of the progress to which we have adverted has 
been the result of the skill and industry of our own time. 
" Indeed," says "Mr. Fairbaim, " the mechanical oponit ions 
of the present day could not have been accomplished at 
any cost thirty years ago ; and what was then consideix^d 
impossible is now performed with an exactitude that never 
fails to accomplish the end in view." For this we are 
mainly indebted to the almost creative power of mo< 

* House of Commoiu Debate, 7 th Jnlj, 186a« 



IKDOSTRIAL BIOGRArnT, 

macliine-toolB, and the facilities ivhieh they preaent for 
the production and reproduction of other machines. We 
also owe much lo the mechanical agencies employed to 
drive them. Eai-ly inventora yoked wind and water to 
Bails and wheels, anil made them work machinery of vari- 
ous kinds; but modem inventors have availed themselves 
of the far more swift and powerful, yet docile force of 
Bteam, which has now laid upon it the heaviest share 
of the hunlen of toil, and indeed hecome the nniverpal 
drudge. Coal, water, and a little oil, are all that the 
Bteam-englne, with its bowels of iron and heart of fire, 
needs to enable it to go on working night and day, with- 
out reat or sleep. Yoked lo machinery of almost infinite 
■variety, the reaulla of vast ingenuity and labor, the Steam- 
engine pumps water, drives spindles, thraahes com, prints 
Tjooks, hammers iron, ploughs land, saws timber, drives 
piles, impels ships, works railways, escavates docks ; and, 
in a word, asserU an almost unbounded supremacy over 
the materials which enter into the daily use of mankind, 
for clotliing, for labor, for defence, for household purposes, 
iof locomotion, for food, or for instruction. 
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